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SUMMARY.
1. The results of tests of many samples from the five large 
soil areas in Iowa show that soils in the Missisippi loess, the 
Southern Iowa loess, and the Iowan drift areas are very apt to 
be acid while those in the Wisconsin drift are only occasionally 
in need of lime and those in the Missouri loess are very rarely 
in an acid condition.
2. The average amounts of limestone needed by acid soils in 
the large areas have been calculated and average recommenda­
tions have been made. When soil within the Missouri loess and 
Wisconsin drift areas show acidity an application of 3%-4 tons 
of limestone per acre may be regarded as the proper amount to 
use in most cases. Three and one-half to four and one-half tons 
of limestone per acre is the average recommendation for the Mis­
sissippi loess, 3%-5 tons per acre for the Southern Iowa loess, 
and 4-5% tons per acre for the Iowan drift.
3. Acid soils in these three latter areas are usually under­
laid by acid subsurface soils and subsoils and as the limestone 
requirement is determined only for the surface soil future tests 
of the soils will be necessary to insure the maintenance of a basic 
reaction, even after the application now recommended is made.
4. After acidity in the soil has once been entirely neutral­
ized the use of 1-2 tons of limestone per acre once in four or five 
years should prove ample to keep the soil from becoming acid.
5. A  comparison of methods of testing for acidity shows 
that the Veiteh method and the blue litmus paper method when 
carried out by one experienced in its use agree very satisfactorily. 
The litmus paper test is the best yet devised for field purposes.
6. Ground limestone or limestone screenings are the cheapest 
and best form in which to apply lime to Iowa soils. Results se­
cured by the use of this material are quite as satisfactory as 
when hydrated lime or caustic lime are employed, there is no 
danger of injury in connection with the application as is the 
case with the latter materials and it may be secured more cheaply 
in the state.
7. The best and cheapest method of applying limestone is 
with the manure spreader, placing a layer of manure or soil 
on the bottom of the spreader under the lime. The manure 
spreader with a cover attachment is especially suitable for this 
purpose because it prevents blowing of the material which is 
often an objectionable feature.
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SOIL ACIDITY AND THE LIMING OF 
IOWA SOILS
BY P. E. BROWN, F. B. HOWE AND M. E. SAR.
Whether or not their lands will give better crop yields if lime1 
is applied has become a live question with Iowa farmers. They 
have written many letters of inquiry upon this point to the 
Iowa Agricultural Experiment Station and hundreds of soil 
samples have been analyzed to make satisfactory answer.
To provide more complete information relative to this im­
portant question of soil acidity and the use of lime in Iowa, the 
agronomy section of the experiment station gathered many soil 
samples from well scattered localities in the principal soil areas. 
These were analyzed and the results are now presented and dis­
cussed in this bulletin. These analyses show that liming is likely 
to be profitable in the Mississippi loess, the Southern Iowa loess 
and the Iowan drift areas because those soils are very apt to be 
more or less acid; also, that the soils of the Wisconsin drift are 
only occasionally in need of liming, and those of the Missouri 
loess only very rarely.
It must be emphasized here that all Iowa soils do not need 
lime, also that lime is not a cure-all for all soil deficiencies.
The first fact stands out clearly in the tables showing the re­
sults of the soil analysis. With regard to the second fact, it may 
be said that there is always grave danger when any material be­
comes popular as a means of increasing crop yields that it will 
be used indiscriminately on all soils, whether they need it or 
not, and that the other essentials of profitable crop production 
will be overlooked. This has actually happened in some of the 
eastern states where the enthusiasm for the use of lime, created 
by remarkable results secured in some cases and fostered by com­
mercial lime concerns, has led to neglect of the humus and plant 
food content of the soils to the detriment of crop yields.
Lime is only one of the factors governing crop production and 
unless all the others are cared for, its use may be of little or no 
value. These’ other factors, discussed in another bulletin,2 are 
cultivation and drainage, rotation of crops, farm and green man­
ures and phosphorus.
1. T he term  “ L im e,”  u n less  o th erw ise  sp ec ifica lly  defined, is used  to 
m e a n  a n y  ca lc iu m  co m p o u n d , su ch  a s  c a lc iu m  c a r b o n a te , c a lc iu m  h y d r a te  
o r  ca lc iu m  o x id e , w h ic h  m a y  b e  u s e d  t o  r e m e d y  s o il  a c id ity .
2. B u ll. N o. 150, I o w a  A g r ic u l t u r a l  E x p e r im e n t  S ta tio n ,
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VALUE OF LIME HAS LONG BEEN. KNOWN.
The value of lime as a means of bringing certain soils into a 
condition of fertility has long been known. More than two thou­
sand years ago, according to the writings of Pliny, the Romans 
applied it to their orchard and vineyard soils to increase crop 
yields. Later, Yarro records the introduction of the use of lime 
into Gaul and Britain. Particularly in the latter country re­
markable results were secured by the practice. Soils of granitic 
origin were benefited, and even those derived from the weather­
ing of calcareous or limestone formations, were often made more 
fertile by the application of large amounts of chalk, obtained by 
digging pits and bringing up the material to be spread on the 
surface soil. . In France and Germany and in many other Euro­
pean countries more recent reports bear witness to the beneficial 
effects of lime on many soils and for various crops.
Early in the last century Ruffin published a series of articles 
in the American Farmer calling attention to the benefits derived 
from the use of calcium carbonate on his own and other farms 
in Virginia. These articles constitute the first record of the 
practice in this country. Later it spread throughout the eastern 
states, in some of which it has for many years been considered 
as one of the essentials for successful crop production. Grad­
ually the practice has moved westward, as have all farm practices 
which have arisen because of the gradual decline in fertility in 
soils under continued cultivation. This does not mean that all 
soils require lime for their continued fertility. Such is far 
from being the case. Several years ago Roberts estimated that 
99 % of the soils of the United States had never been limed and 
he asserted that many large areas were not in need of it. A  much 
larger percentage of the soils of the country have undoubtedly 
been limed now, but there still remain many large areas which 
do not require it.
SOIL ACIDITY.
The correspondence of the station shows that there is no com­
mon understanding of soil acidity, its causes, its effects, the tests 
which may be made in the field and laboratory, and other points 
of interest along this line.
Soil acidity, which is commonly known as “ sourness” , may be 
defined as the condition, or reaction, of a soil which contains an 
excess of acid substances over the bases present. Stated in an­
other way, it is the condition, or reaction, of a soil which contains 
insufficient bases to unite with and neutralize the acids present or 
produced.
6
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Bases are compounds or substances which have the power of 
uniting chemically with acids to form neutral (neither acid nor 
basic) compounds which are known as salts. Calcium carbonate 
(CaC03) , is the most important base in soils and others of less 
significance are magnesium carbonate (MgC03), potassium and 
sodium carbonate (K 2C03 and Na2C 03), and iron and aluminum 
oxides and hydroxides. All of these materials have the power of 
uniting with acids, whether the latter are introduced into the 
soil or produced in the decay of organic matter, and of forming 
salts.
When, therefore, there is an overproduction of acids or a short­
age of bases (acid neutralizing substances) in the soil its condi­
tion, or reaction, becomes acid and that condition is called soil 
acidity. The popular term which is used to denote an acid soil 
is “ sour” . A soil containing enough basic substances to neu­
tralize the acids as produced, and which therefore is not sour, 
is termed ‘ ‘ basic ” .
TEE CAUSE OF SOIL ACIDITY.
Soil acidity may be brought about by two distinct processes 
in the soil ; first, by the loss of lime and other bases from the soil, 
and, second, by the production of acids by the décomposition of 
organic matter or inorganic matter. Each alone may make the 
soil acid in reaction. In most soils, however, they occur at the 
same time and their combined effect leads more or less quickly 
to acidity.
LOSSES OF LIME AND OTHER BASES FROM SOILS.
There are two ways in which lime and other bases may be lost 
from the soil; first, by their direct use by crops as plant food, 
and second, by leaching.
The loss by direct use by crops and removal from the soil in 
the crops is small in most cases compared with that brought about 
by drainage. Calcium, magnesium, potassium, sodium and iron 
are all taken up by plants, but with the exception of potassium 
the amounts of these elements required are generally so small 
that their removal from soil in this way is not of much signifi­
cance. Exception must also be made of calcium in the case of 
certain crops. Thus alfalfa has been shown to take out rather 
large amounts of this element. One ton of alfalfa hay contains 
about 50 lbs. of lime. A  good stand of alfalfa should last from 
6 to 7 years and a yield of 4 to 6 tons per acre per annum should 
be secured. Therefore, the use of alfalfa in the rotation will lead 
to the removal of 1,200 to 2,100 lbs. of lime from the soil, en­
tirely apart from the losses by leaching, which are occurring com-
7
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tinuously. This is an extreme case, however, and most farm 
crops take calcium from the soil to a small extent only.
The loss of lime and other bases from the soil by leaching is 
considerable. The soluble carbonates are removed quite readily 
in this way. >■ Calcium carbonate is only very slightly soluble 
in pure water, but it is easily dissolved by water charged with 
carbon dioxide (C 02) ; that changes the calcium carbonate into 
the bicarbonate, (Ca(HCC>8)2), which then is rapidly leached 
out of the soil. As carbon dioxide is constantly produced in soils 
by the destruction of organic matter, practically all soil water 
contains this substance in solution. The action of soil water on 
calcium carbonate is therefore quite generally one of solution 
and is followed by a loss of this compound. The presence of cal­
cium bicarbonate in drainage water has been shown in many ex­
periments, and the lime, or calcareous, deposits often formed in 
the interior of drains with a gentle slope give evidence that the 
water passing through carries this important substance.
When such organic materials as farm manure and green man­
ures are applied to the soil, the decay processes are increased; 
that means the production of more carbon dioxide and as a con­
sequence more calcium carbonate is dissolved by the soil water 
and its removal from the soil is much more rapid. It has been 
shown many times that fields treated with manure become acid 
much more rapidly than untreated land; this is due to the greater 
loss of carbonates in the soil water, and also to the greater pro­
duction of acids by the decomposing manure.
Applications of various artificial manures also increase the loss 
of lime from the soil because of the chemical reactions which fol­
low, leading to the production of the soluble calcium compounds 
which leach out. Ammonium sulfate, for example, reacts in the 
soil with calcium carbonate and not only is there a removal of 
the active base, calcium carbonate, but the calcium sulfate formed 
is rather rapidly leached out. Similarly when muriate of potash 
and acid phosphate are applied calcium carbonate is changed to 
calcium compounds which are then lost through leaching.
In another soil process, nitrification, by which the insoluble 
proteins in the soil are changed into soluble nitrates, there is 
a production of nitrous and nitric acids which attack lime and 
other bases in the soil, and particularly calcium carbonate, and 
bring about the loss of considerable amounts of lime.
The losses by leaching of lime and other bases, particularly 
calcium carbonate, are variable and depend largely on the char­
acter of the soil and the treatment which it is receiving. The 
annual loss of lime in this way has been estimated at from 100 
to 1,000 lbs. per acre of soil; an average estimate for normal soils 
would probably be about 500 lbs.
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The losses of magnesium carbonate from the soil are probably 
brought about in much the same way as in the case of the cal­
cium carbonate. In some soils the magnesium carbonate may be 
of most importance, but usually its amounts are small compared 
with the calcium carbonate.
THE RETURN OF CALCIUM CARBONATE TO THE SOIL.
In some soils which have only traces of calcium carbonate even 
the small amount has not diminished with the continued growth 
of crops and this has led to the belief that certain agencies return 
calcium carbonate in small amounts to the soil. Bearing out this 
belief it has been found that the action of certain bacteria in 
the soil leads to a production of calcium carbonate. Further­
more, when plants take food from the soil, they take up certain 
parts of the^  compound portions and leave behind so-called 
“ basic”  portions. These are usually quite completely changed 
into carbonates, and help to prevent soil acidity.
The return of lime to the soil in such ways is, however, not 
enough to keep up its content. The condition of many soils, as 
for instance those in Illinois, Rhode Island, and other states, 
shows that while there is some return, the losses are so much 
greater in cultivated soils that acid conditions are more or less 
quickly developed. Applications of lime, therefore, become 
necessary.
THE PRODUCTION OF ACIDS IN SOIL.
When organic matter, like farm manures, green manures and 
crop residues, decay in the soil, there is a large production of 
various organic acids. Some of these are of simple composition 
while others are very complex. Whether simple or complex, how­
ever, lime and other bases in the soil are used up by the produc­
tion of these acids which combine with the bases and form neu­
tral salts, neither acid nor basic in reaction. Whbn these acids 
are produced rapidly, the basic materials such as lime disappear 
rapidly and very soon there is a shortage of lime and other bases. 
The acids produced are therefore not neutralized, but they ac­
cumulate, making the soil acid, or “ sour” , in reaction.
Lack of drainage, which reduces the amount o f air (oxygen) 
in the soil, leads also to the greater production of acid com­
pounds. Hence, poorly drained soils have a tendency to become 
acid much more readily than well-drained land.
Various inorganic acids are also produced in considerable 
quantities in some soils. Thus when ammonium sulfate (NH4) 2 
S 04, is added as a fertilizer to the soil, it leads to a development 
of acid conditions, because of the production of sulfuric acid 
(H 2S 04). Similarly when muriate o f  potash (KC1), is added,
9
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hydrochloric acid (HC1), is formed and this unites immediately 
with any base available. When such materials are used as fer­
tilizers, the soil needs enough lime to neutralize the acids pro­
duced.
In the process of nitrification through which nitrogen is 
changed into a form available for plant food, acids are formed 
and the presence of sufficient lime to neutralize them as produced 
is essential for the continuation of the process. A  very slight ac­
cumulation of acids in the soil will stop the bacterial action in­
volved in this process, and crops may suffer for available 
nitrogen.
THE EFFECTS OF SOIL ACIDITY ,
The effects of acid in soils and the value of liming may be 
classified as to plants, plant foods and physical conditions.
THE EFFECTS ON PLANTS.
Acids have been found to have a direct poisonous effect upon 
plants. The addition of very small amounts of acids to solu­
tions in which plants are growing has been followed by the im­
mediate death of the plants.
Some plants are more resistant than others to acids, growing 
quite satisfactorily in soils in the presence of considerable 
amounts of acid substance. The following table shows the re­
sults secured at the Rhode Island Experiment station upon test­
ing the effects of lime on various crops. Most crops did not 
make satisfactory growth in the presence of much acid in the 
soil, a few did not seem to be affected materially by acid condi­
tions and some showed injury from the use of lime to correct 
soil acidity. However, these results were secured on a Rhode 
Island soil and on other soils liming might not produce injurious 
effects. On most soils the great majority of crops prefer a 
neutral or slightly basic condition.
In general, while ordinary farm crops like corn, oats and 
wheat are not very sensitive to acid conditions they grow best 
when the soil reaction is basic. Potatoes and rye will give satis­
factory yields on otherwise good soils when the lime present is 
as low as 0.05%, or 1,000 lbs. per acre of tilled soil. The lime 
requirements of barley, oats and such crops are somewhat higher. 
Legumes, particularly clover and alfalfa, will not yield satis­
factory crops if an abundance of lime is not present and may 
refuse to grow where there is much acidity. Red clover, for ex­
ample, grows the best when at least 0.2% of lime (4,000 lbs. per 
acre) is present and the best conditions for alfalfa are obtained 
when 0.3% of lime (6,000) or more is present.
10
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TABLE I. THE EFFECTS OF LIME ON CERTAIN PLANTS.*
Plants Whose Growth is Re­
stricted by Soil Acidity
Plants Slightly Affected 
by  Soil Acidity.
-Plants Injured by Appli­
cations o f  Lime to  
Neutralize Soil Acidity.
Spinach.
Beets.
Salsify.
Onion.
Cauliflower.
E gg plant.
Asparagus.
Cabbage.
Pepper.
Upland cress.
Rhubarb.
Pumpkin.
Lentil.
Saltbush.
Tobacco.
A lfalfa .
Barley.
Oats.
Canada pea.
Goosepery.
Orangé.
Quince.
Cherry.
Sweet Alyssum. 
Mignonette.
Nasturtium.
Balsam
Pansy.
Poppy.
Sweet pea.
Cotton.
Oowpeas.
Phlox.
Peach.
Pear.
Lettuce.
Okra.
Celery.
Parsnip.
Cucumber.
Canteloupe.
Kohl-rabi.
Dandelion.
Peanut.
Maftyinia.'
Common pea.
Summer squash. 
Hubbard squash.
Hemp.
Sorghum.
Clover— 
red, 
white, 
crimson, 
alsike.
Wheat.
Tim othy.
Kentucky bluegrass. 
Raspberry (CtithDerti. 
Currant( White Dutch). 
Plum (Burbank Japan). 
Linden (American).
Elm (American). 
Swedish turnip.
Indian corn.
Spumy.
Rye.
Carrot.
Chicory.
Rhode Island Bent. 
Red Top.
American white biich.
English or flat turnip. 
Golden wax bean.
Red valentine bean. 
Horticultural pole bean. 
P otatoes.
T om ato .
Zinnia.
Grape.
Apple.
Lupines.
Comm on sorrel. 
Radish.
Velvet bean.
M ax.
Castor bean. 
Blackberry.
Black cap raspberry, 
Cranberry.
Norway spruce.
■Rhode Island Agricultural Experiment Station, Bulletin 96.
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THE EFFECTS ON PLANT FOOD.
The plant food supply in the soil is indirectly affected by acid 
conditions. It depends upon the presence and. activities of bac­
teria which change the insoluble materials, like proteins and 
other compounds, into forms that are easily taken up by plants 
and these bacteria are checked by acid conditions. Organic mat­
ter also decomposes very slowly in acid soils, due likewise to the 
check of the growth of the soil organisms. When decomposition 
in the soil is checked, the production of available nitrogen, phos­
phorus, and potassium is too small and crops may suffer for lack 
of food.
Acid conditions also diminish the activity of the nitrogen-fix­
ing organisms. These bacteria include two groups, the non- 
symbiotic, or free-living nitrogen fixers, and the symbiotic, which 
grow with the legumes. Both of these groups of organisms under 
normal basic conditions in the soil use the nitrogen of the at­
mosphere ; the former fix it in the soil for the feeding of future 
crops, and the latter supply it directly to the legumes with which 
they are growing. This fixation of nitrogen from the atmos­
phere cannot occur in acid soils and hence it is impossible to in­
crease the nitrogen content of such a soil. The importance of 
utilizing the nitrogen of the atmosphere is very great for this is 
the element most apt to be lacking in soils and the growth of 
well-inoculated legumes is an easy and inexpensive method of 
supplying this essential element to crops.
THE EFFECTS ON PHYSICAL CONDITIONS IN THE SOIL.
When decay is not going on as it should, organic matter accumu­
lates and this may affect the physical condition of the soil. The 
soil may become too compact, and it may hold so much water 
that it becomes physically unfit for the growth of plants. This 
would not happen in sandy soils but it is especially to be guarded 
against in clay soils. Lime is of great value physically in open­
ing up clay soils, ^ making them more porous and permitting better 
drainage. In such cases its influence upon the physical condi­
tion of the soil is probably of as great importance as its neutral­
izing action, if not greater.
The effect of lime on light sandy soils is mainly to make it 
less open and porous and more capable of holding valuable matter 
by cementing the soil particles together into larger masses. Sandy 
soils become acid very quickly because of the loss of lime by 
leaching and the very rapid destruction of organic matter and 
the production of organic acids.
It is evident therefore that acid conditions in the soil may 
check crop growth not only because of a poisonous influence on 
the plants themselves, but also because they check the produc-
12
Bulletin, Vol. 13 [1914], No. 151, Art. 1
http://lib.dr.iastate.edu/bulletin/vol13/iss151/1
165
tion of available plant food by checking bacterial activities, and 
because the physical conditions in the soil are made unsatisfac­
tory by the accumulation of organic matter.
TESTING FOB SOIL ACIDITY.
It is not very difficult to find out if a certain soil is acid.
In the first place there are certain signs of acidity which it is 
easy to read. I f crops of timothy or clover fail to grow and red 
top and sorrel make their appearance, the soil is usually in 
need of lime. The presence of moss or the growth of bluets, 
horse tails, and similar weeds are also indications of acidity.
There is only one test for soil acidity which has been used in 
the field with any degree of success and that is the litmus paper 
test, based on the power of acids to turn blue litmus paper red. 
To make the test, secure a small sample of soil, free from roots and 
grass, and put it in a clear glass tumbler. Insert two strips of 
blue litmus paper in the soil so that they are half covered, being 
careful not to touch with the fingers the portion of the paper 
placed in the soil. Then add pure water very carefully until the 
soil is thoroughly saturated. After the test has stood for 20 to 
30 minutes the paper is removed and rinsed thoroughly. I f the 
portion of it which was in contact with the soil has become red, 
then the soil is acid and would be benefited by liming. The lit­
mus paper for this test may be bought at almost any drug store.
DIFFICULTIES WITH LITMUS TEST.
There are some objections to this litmus paper method,"the 
chief one being the difficulty of reading the test correctly. Some 
soils have the power of removing the blue coloring from the lit­
mus paper and leaving it red; in such cases it may appear that 
the soil is acid when in reality the litmus paper has merely been 
bleached by it. One method of avoiding this difficulty is by 
using strips of both blue and red litmus paper. I f  red litmus 
paper is turned blue in the test, it is definite proof that the soil 
is not acid, but basic, that is, that it contains lime and other 
bases. The use of this paper will serve to check the blue litmus 
test and to prevent a reading of the soil as acid when it is really 
basic in reaction.
In the laboratory neutral litmus paper has been used with the 
best results, showing to some extent the amount of acidity in the 
soil, or the amount of basicity. It is not easy to read the results 
when neutral paper is used, however, particularly if, as so often 
happens, the soil is slightly acid or weakly basic. It can hardly 
be recommended for use in the field.
There is no doubt but that if a soil is acid to any extent it 
will turn the blue litmus paper red and if it is basic it will turn
13
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the red paper blue. Where the test is doubtful, the soil is 
evidently not rich in lime and a small application could profit­
ably be made.
Other tests for soil acidity have been suggested from time to 
time and one of these is the so-called ‘ ‘ ammonia test. ”  To carry 
out this test, fill a glass half full of water; to this add a teaspoon­
ful of strong ammonia that has been diluted with four or five 
times as much water. Then put a small aiSount of soil into this 
glass and let it stand for several hours. I f acids are present in 
the soil, the liquid becomes dark brown or black, because 
ammonia combines with acids. I f calcium carbonate is present 
in the soil, it combines with the acids and the ammonia will not 
act on them and the water does not turn black or brown. This 
mehod, however, is not applicable to all soils. Sandy soils are 
very apt to be acid and yet they would not test acid by this 
method; subsoils, which are also deficient in organic matter, may 
be acid and this test would fail to show it. It can hardly be 
recommended, therefore, for general use.
A NEW> TEST FOR ACIDITY.
Recently an apparatus has been put on the market as a sure 
test for soil acidity. The process involved consists in treating the 
soil with hydrochloric acid (muriatic acid) and measuring the 
carbon dioxide gas (C 0 2) produced. If no gas is formed, then the 
soil is acid; if lime and other bases are present, their amount may 
be determined by measuring the gas and it may be determined 
how much more lime, if any, should be added to make the best 
conditions for different crops.
There are several objections to this method. In the first 
place, while it does show whether a soil is acid or basic, it does 
not show the extent of acidity. The apparatus does not dis­
tinguish between a neutral, or slightly acid, soil and a very acid 
soil; for instance, between a soil requiring only one ton and one 
needing three or four tons of lime. In short, the apparatus 
does no more than litmus paper in testing acid soils.
When some lime is present in soils the acidity problem is not 
so pressing, for as has been pointed out 0.1% is satisfactory for 
most crops and some will grow quite satisfactorily with 0.05% 
present. It is the extent of acidity in soils which demands at­
tention. How much lime must be applied to make the soil basic 
in reaction, or to neutralize the acidity in the soil, is the main 
problem to be considered.
If the litmus paper test is properly carried out it will not 
only show the reaction of the soil, but it will also give indication 
of the extent of acidity when the rapid or slow change of co^or 
of the paper, the completeness of the change, etc., are notec},
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In the tests made for this bulletin in the laboratory, the Veitch 
method was employed. This is a strictly laboratory method and 
the principle involved is the treatment of soil with certain 
amounts of lime water and testing the reaction of the resulting 
solution with phenolphthalein to ascertain how much lime would 
be necessary to neutralize the acidity present. The method has 
been used quite extensively and has given very satisfactory re­
sults and no difficulty was experienced with it in this work. The 
requirements of the soils for the neutralization of their acidity 
was calculated in terms of calcium carbonate (CaC03) and hence 
it will be noted that the tables show the “ limestone required”  
by the soils.
Comparative tests of the Veitch method and the litmus paper 
method given later in this bulletin have led to the conclusion that 
the Veitch method is quite satisfacory as a laboratory method 
for the determination of the actual amount of lime required to 
neutralize the acidity in soils and that the litmus paper test is 
the best method available for field and general purposes and the 
results secured by its use correspond very closely with those ob­
tained by the Veitch method.
THE TESTS OF IOW A SOILS.
Two sets of samples of Iowa soils, numbering several hundreds 
in all and representing the five large soil areas in the state, were 
tested for acidity. The results of the tests of the first set of 
samples were published in Bulletin No. 150, “ The Fertility in 
Iowa Soils. ’ ’ They were not discussed at any great length there 
because it was desired to get a second lot of samples to provide 
confirmatory evidence of the results before very definite state­
ments were made. Such confirmatory evidence is now at hand 
and the earlier results will therefore be given again here and 
followed by the data recently obtained.
The samples of soil taken in the.' earlier work were secured 
carefully so that they would be representative of the five large 
soil areas, the Missouri loess, the Mississippi loess, the Southern 
Iowa loess, the Wisconsin drift and the Iowan drift.1 Their loca­
tion is shown in the map on page 168, Soils peculiar for any 
local reason were not sampled, except in a few instances for a 
particular purpose. The small number of samples which were 
eliminated from the averages given in Bulletin No. 150 because 
they were abnormal, shows that the samples were fairly repre­
sentative.
b u l l e t i n  N o. 82 g iv e s  r a th e r  c o m p le te  d e s c r ip t io n s  o f  th e s e  s o il  a re a s , 
a n d  h e n ce  a  d is c u s s io n  o f  th e m  h e re  w i l l  h e  u n n e ce s s a ry .
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The results of these earlier tests may be found in tables II, 
IV, VI, V III and X. The county and, in most cases, the town­
ship in which the sample was taken, are given. In every case 
samples were secured at three different depths, 0 to 6 2-3 inches, 
representing the surface soil | 6 2-3 to 20 inches representing the 
sub-surface soil, and 20 to 40 inches representing the sub-soil.
To confirm the results of these first tests of some typical soils, 
and to secure additional data regarding their need of lime, a 
second set of samples from each of these areas was tested. These 
were drawn with special care that they should represent the 
large soil areas, just as in the case of the previous samples.
The results of the tests of these additional samples are given 
in tables III, V, VII, IX  and XI. In most cases, samplings were 
made of the surface soil, subsurface soil and subsoil, but in a 
few instances a composite sample was taken from the subsurface 
soil and the subsoil.
The tests of the earlier samples were made by the Veitch 
method and of the later by the litmus paper method in the field 
and then by the Veitch method-in the laboratory. The litmus 
paper test made in the field checked in practically every instance 
with the Veitch test in the laboratory; in the few eases where 
this was not true the soil was only very slightly acid, and the 
reading of the litmus paper was very difficult. In these cases 
the results secured by the Veitch test are given.
LIMESTONE REQUIREMENT DETERMINED BY VEITCH METHOD.
In both series of tests, the limestone necessary to neutralize 
the acidity in the acid soils was determined by the Veitch method. 
The results are given in pounds of limestone for each two million 
pounds of surface soil, for each four million pounds of sub­
surface soil, and for each six million pounds of subsoil. Each 
table also gives the amounts of ground limestone or limestone 
screenings recommended for the particular samples. These were 
determined, by .adding two tons to the amount required to neu­
tralize the acidity in the surface soil, which would give the soil 
a content of 0.2% lime, a satisfactory amount for the growth of 
clover and other legumes. As all rotations should include clover 
or some other legumes, this amount of limestone is necessary to 
insure the best growth of these crops. If, however, alfalfa is to 
be grown on the soil, three tons (6,000 lbs.) in addition to that 
required for the neutralization of the acids present should be 
applied. In. special cases, where the nitrogen and humus con­
tent of the soil is kept up by the use of farm manures and the 
growth of legumes is unnecessary, one ton (2,000 lbs.) of lime­
stone beyond that needed to neutralize the soil acidity would 
probably prove sufficient for such crops as corn, oats and wheat.
17
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Enough limestone to neutralize the acidity in the surface soil 
and two tons additional is recommended, regardless of whether 
the subsurface and subsoil are acid or not.. It is wasteful to 
apply more limestone than needed in the surface soil for im­
mediately succeeding crops. It is much more satisfactory to test 
the soil frequently, or at least at the end of the rotation, and 
make another application then if necessary, than to apply such 
an enormous amount as would be required to neutralize a strong­
ly acid soil to a depth of 40 inches. Further discussion of the 
amounts of lime to apply to Iowa soils will be given later.
No calculation has been made of the proportion of acid and 
basic samples in any soil area, for purely arbitrary numbers of 
samples were secured and the percentage showing acidity would 
be largely a matter of chance. This is demonstrated by the 
fact that the same proportion of acid samples was not secured in 
the various soil areas in the two series of tests. The general 
tendencies of the soils are shown to be the same, but it would be 
impossible to say that a certain percentage of soils in the Missouri 
loess area, for instance, were acid unless all the fields within the 
area were tested.
THE MISSOURI LOESS TESTS.
In the earlier tests of the Missouri loess samples, only three 
samples of surface soils were found to be acid in reaction, re­
quiring about one and one-half tons of limestone per acre.' Only 
one subsurface sample was acid and none of the subsoil samples 
was acid. Since forty samples in all of surface soils, and the same 
number each of subsurface soils and subsoils, were tested, it is 
apparent that only a very small proportion of the soils in this 
area is in need of lime. Only in a few instances, where the soils 
may have been subject to peculiar local conditions, or may have 
had a somewhat different history, was soil acidity apparent.
Fourteen samples of Missouri loess soils were examined in the 
later tests and of these, as will be seen in table III, three surface 
samples were found to be acid. Two of these were underlaid 
by basic subsurface soils and subsoils, and only one was under­
laid by an acid subsurface soil and an acid subsoil. These three 
samples showed only a slight acidity; in one case a limestone 
requirement of only 356 pounds was found necessary to neutral­
ize its acidity. These results confirm those secured in the pre­
vious tests, therefore showing that in this large soil area, only 
occasionally is any acidity found and then only to a small extent
The average amount of limestone to apply to an acid soil in 
the Missouri loess would be from S1/^  to 4 tons per acre.
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TABLE II. THE TESTS OF THE MISSOURI LOESS SOILS.
Depth o f  Sampling: Surface, 0 to  6| inches. Subsurface, 6§ to  20 inches. Subsoil, 20
to  40 inches.
Location
County—Township
Carroll—Warren -----------
Crawford—Iowa ------------
Crawford—Iowa _____ —
Shelby—Center ---------- —
Shelby—Fairview _____ -
Shelby—Fairview _____ -
Shelby—Fairview ______
Shelby—Fairview ______
Po 11 a w a tt a mie—H ardin
Pottawattamie—75 -------
Pottawattam ie—75 ____
Pottawattamie—Hardin 
Monona—Belvidere
Monona—Belvidere ------
M onona—83  ____ ;-------
Monona—Franklin ------
W oodbury—Concord - -  
W oodbury—Concord 
W oodbury—Concord 
W oodbury—Concord
0 Soil Stratum te
st
=A
ci
d
=B
as
ic
go
ai T © Wjmm o*ö o
A A •gJUl CO t-* .
•Q 1 1 1
a d  D
m -4 >  ■ u
1 1 Surface ----- ( - )
2 Subsurface — (+ )
3 Subsoil ---------- (+ )
2 4 Surface ----- (+ )
5 Subsurface ----- ( +  )
6 Subsoil —- (+ )
3 7 Surface ( - ) -
8 Subsurface ------- ( - )
9 Subsoil __ - ( +  )
4 10 S u r f a c e ___ B |
11 Subsurface - - (+ )
12 Subsoil - - (+.)
5 13 Surface - II
14 S u bsu rface ------- ( +  ) •
15 Subsoil ........  — (+ )
6 16 Surface - (+ )
17 Subsurface (+ )
18 Subsoil ...........— m
7 19 Surface —- —- (+ i
Subsurface - j (+ j21 Subsoil _ - - (+ ).
8 Surface - 1 (+>■
23 S ubsurface------- (+ )
24 Subsoil ____  - - (+>
9 25 Surface - f  ----- ( + ;
26 Subsurface - <+)
27 S u b so il____ ( + )
10 28 Surface _ - ( - ' )
29 Subsurface (+ )
30 Subsoil ------- (+ )
11 31 Surface ■(+)
32 Subsurface 9----- (+ )
33 Subsoil ____  -- (+ )
12 34 Surface —  —- <+)
35 S u b su rface------- (+ )
36 S u b s o il------- (+ )
14 40 Surface -----  - - (+ )
41 1 Subsurface S----- (+ )
42 Subsoil ____ (+ )
15 43 Surface —- (+>
44 Subsurface ------- (+ )
45 Subsoil (+ )
16 46 Surface - - —- (+)
47 Subsurface - - (+)
48 Subsoil -------- (+)
17 49 Surface' ------- (+)
50 S u bsu rface----- 9B
51 Subsoil ------------- 1 HI
18 52' S u r fa c e -----— (+)
53 Subsurface in (+)
54 Subsoil — <+)
19 55 Surface —  - —1 (+)
56 Subsurface <+)(+)
20 (+)
59 Subsurface - - C+)(+i
21li- fyl (+)
62 Subsurface f+)
63 Subsoil -- (+:
3201
3560
5696
3i—4
3J—4
L
im
es
to
ne
 r
e-
 
co
m
m
en
de
d 
—
to
ns
 p
er
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TABLE II. THE TESTS OF THE MISSOURI LOESS SOILS.— Con.
Location
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re
Plymouth—Elgin _____  ___ 22 64 (+ )
65 Subsurface ___ (+ )
66 S u b s o il____ ___ (+ )
23 67 (+ )
68 Subsurface ____ (+ )
69 (+ )
24 70 (+ )
71 Subsurface ____ (+ )
72 Subsoil .  -------- (+ )
Plymouth—Grant ___________ 25 73 Surface _______ (+ )
74 Subsurface ____ (+ )
75 Subsoil ________ (+ )
26 76 Surface _______ (+ )
77 Subsurface ___ (+ )
78 Subsoil ________ (+ )
Sioux—Lino _____________ 27 79 Surface _______ (+ )
80 Subsurface ____ (+ )
81 Subsoil ________ (+ )
Sioux—Linn 28 82 Surface _______ (+ )
83 S u b su rface____ (+ )
84 Subsoil ________ (+ )
Sioux—'Linn _____________  — 29 85 Surface _______ (+ )
86 Subsurface ____ (+ )
87 Subsoil ________ (+ )
105 313 Surface (—) 3560 —i
314 Subsurface _ .  _ (+ )
315 Subsoil ________ (+ )
Page—'Morton ______________ 106 316 Surface _______ (+ )
317 Subsurface ___ (+ )
318 Subsoil ________ (+ )
Page—Morton — - —- - 107 319 Surface . .. —. (+ )
320 Subsurface (+ )
321 Subsoil .  __ — (+ )
Page—Grant ___________  .  . 108 322 Surface ___  . . (+ )
323 S u b su rface____ (+ )
324 Subsoil ________ (+ )
Montgomery—Red Oak - 109 325 Surface _______ (+ )
326 Subsurface ____ (+ )
327 S u b s o il________ (+ )
Montgomery—Grant .  - __ 110 328 Surface ___ (+ )
329 S u b su rface____ (+ )
330 S u b s o i l ........... (+ )
Montgomery—Grant _______ 111 331 Surface _____ (+ )
332 Subsurface ___ (+ )
333 S u b s o i l________ (+ )
Montgomery—Red O a k _____ 112 334 Surface _______ (+ )
335 Subsurface _ _ _ (+ )
336 Subsoil _ . (+ )
Mills—Center ............... 113 337 Surface _ J (+ )
338 Subsurface ___ (+ )
339 S u b s o i l____ (+•)
Mills—Rawles _______________ 114 340 Surface ___ — (+ )
341 S u b su rface____ (+ )
342 Subsoil .  ____ (+ )
Mills—Rawles _______________ 115 343 Surface _______ (+ )
344 Subsurface ____ (+ )
345 Subsoil . . . (+ )
Mills—Rawles ______ _________ 116 346 Surface _______ (+ )
347 Subsurface (+ )
348 S u b s o i l____ (+ )
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TABLE III. ADDITIONAL TESTS OF MISSOURI LOESS SOILS.
Location
C ounty-L and  Survey
Harrison—See. 9-80-42 —
Harrison—<Sec. 15-80-42 ------
Harrison—¡Sec. 13-80-42 —
Montgomery—Sec. 16-72-38 .
Page ----------------- -------—~ —
Page ----------- _------------------
Page — ------—— -----------------
Montgomery—See. 26-72 -^38 .
Pottawattam ie ----- ------------
Pottawattam ie _____________
Page -------—r—— ---------------
Page --------------------- — --------
Page _________ _____ _______
Monona—Sec. 39-85-55
Soil Stratum 
Sampled 53 S :iS®!» o 90
(4-1
104 6 to  20 in. (+ )
97 20 to 36 in. li (+ ) ______ ■ ___
124 0 t o  6 in. ( - ) 356 2—2|
112 6 to  20 in. (+ ) _____ _
108 20 to 36 in. - (+ ) __ - __ _____ I---
123 0 to  6 in. (+ ) ___ SE__ !
107 20 to 36; in. ‘ m i_____| ' ___ ___
287 (T to  6 in. (+ ) __ H U —
238 6 to  20 in. (+ ) ______ ¡3 — !— .
239 20 to 30 in. (+ ) -------
291 0 to  6 in. (+ )
292 6 to  20 in. (+ ) L;__ — -------
293 20 to 36 in. n ______
294 0 to  6 in. (+ ) ■À____ I _______ -
295 6 to  20 in. ü —
296 20 to 36 in. n _ ___ wsm __ i__
297 0 to  6 in. (+ ) ■ H __ ________
298 6 to  20 in. (+ )
299 20 to 36 in. S Ü __ i____ _
240 0 tt>' 6 in. ( - ) 2848 3—3|
241 6 to  20 in. ( - ) 4272
242 20 to  30 in. ( - ) 12816
71 0 to  6 in. (+ ) ______ ! .______ Issi
72 6 to  30 in. (+ ) _ ____ mm ■
93 0 to  6 in. (+ ) _H SU S
91 6 to  30 in. I S ______ £9__.___
282 0 to  6| in. ( - ) 3560 3^ —4
283 6§ to 20 in. (+ ) -------|-----( + ) /
285 0 to  6 in. (+ )
286 6 to  20 in. (+ )
288 0 to  6 in. ( + ) .
289 6 to  20 in. (+ ) I — —__ ; s— w—
290 20 to 36 in. (+ ) ■___m •___ _—
122 0 to  6 in. (+ ) _____ | ■ I _______
111 1 6 to  20 in. (+ ) ____ J ________
103 20 to 36 in. (+ ) . . . — .
TESTS OF MISSISSIPPI LOESS SOILS.
The results of the tests of the Mississippi loess soils given in 
table IV, show that all the surface samples except six were 
acid. Twenty-six samples in all were tested so that a consider­
able proportion of them showed need of lime.
Of these’ six surface samples which were not acid;- only three 
were underlaid by basic subsurface and subsoils. Two were un­
derlaid by basic subsurface soils, but the subsoils were acid and 
one rested upon an acid subsurface soil and an acid subsoil. 
This is rather a peculiar state of affairs, as ordinarily if the 
surface soil is basic, the subsurface soil and subsoil may be ex­
pected to be basic also, for the surface soil is much more apt to
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lose its content in bases through leaching or otherwise. There 
are several explanations which might be given for the occurrence, 
but the most plausible is that in these cases the loess was thin 
and underlaid by the poor Kansan or Illinoisan drift, remains of 
old glaciations.
These old glaciated soils are well-known for their low content 
of plant food, because of the extensive leaching to which they 
have been subjected, and it is reasonable to suppose that their 
content o f lime should also be low. Bearing this in mind, the 
acidity in the subsurface soils and subsoils in these cases does 
not appear so remarkable as the nonacidity of the surface soil. 
Evidently these particular soils at some time accumulated lime, 
probably through the growth of shell-fish in ponds which may 
have located here and there, or it may be that because of insuf­
ficient drainage there was a very much smaller loss o f lime than 
that ordinarily occurring in this loess soil.
But whatever the reason, the condition of the subsurface soils 
and subsoils are not necessarily the same as that of the surface 
soil, as far as acidity is concerned, and may be the direct op­
posite. Tests should be made at each depth, therefore, to as­
certain the total deficiency of lime in the soil and the future need 
of lime. The three soils which were not acid at the surface but 
were acid at the lower depths should probably be considered with 
the acid samples from the fact that they showed no large content 
of calcium according to complete analyses reported elsewhere1 
and hence would rather quickly be in need of lime. The total 
number of acid samples then becomes twenty-three out of twenty- 
six tested and the need of lime on the soils in area is shown 
more definitely.
TABLE IV. THE TESTS OF THE MISSISSIPPI LOESS SAMPLES.
Depth o f  Sampling: Surface, 0 to  6§ inches. ¡Subsurface, 6§ to  20 inches. Subsoil,
20 to  40 inches.
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Muscatine—Lake _____ 67- 19-9 ( ) 5696 
4272 ■200 Subsurface __ __ (—)
2oa Subsoil _ ___ (—) 6408Muscatine^Lake 68 202 ( )
203 Subsurface — (—) 14052
204 Subsoil ______ 1 ' 8544
Muscatine—Bloom ington - 60 205 Surface ..... (+ )
206 Subsurface _ — ¡ Ü
207' Subsoil ____ (+ )Muscatine—Muscatine 70 208 ( 9 m 59, .
200 Subsurface ____ ( - y 4272
m u ll . N o. 150 I o w a  A g r ic u l t u r a l  E x p e r im e n t  S ta t io n .
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TABLE IV— Contin u ed— THE TESTS OF 
SAMPLES.
MISSISSIPPI LOESS
Location
County—Township
Louisa—-Columbus City .
Louisa—Jefferson ______
LouisaLsWapeilo ------------
Louisa—W apello ------------
Des Moines—Flint River . 
Des Moines—Mint River.
Jasper—P alo Alto ---------
Jasper—Palo A lto -------
Jasper—Palo A lto --------
Jaspen—Palo Alto ___ ~
Poweshiek—Grinnell
Poweshiek—Grinneil ____
Poweshiek—W ashington
Poweshiek—Grinnell ------
Johnson—East Lucas 
Johnson—East Lucas
Johnson—Scott ------------
Johnson—Eftst Lucas
Iowa—Marengo -------------
Iowa—Sumner ----- »— 1
Iowa—Marengo -------------
Iowa—Marengo -------------
ó¡Zi
'o
OD
72
73
74
76
77
117
118 
119
120'
121
122
123
124
125
126
127
128 
129
130
131
132
210
211
212
2Ì3
214
215
216
217
218
219
220 
221 
222' 
226
227
228 
229 
229 
231
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365 
363 .
367
368 .
369
370
371
372
373
374
375 
370
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
Subsoil ----------—
Surface -----------
Subsurface ____
Subsoil —- i -------
Surface ____
Subsurface ____
Subsoil -------------
'Surface _______
Subsurface -------
Subsoil ________
Surface _______
Subsurface i -----
Subsoil _____
Surface -----------
Subsurface -------
Subsoil --------
Surface _______
Subsurface _-----
Subsoil ________
Surface _1_-------
Subsurface -------
Subsoil ________
Surface _______
Subsurface -------
Subsoil ________
Surface _______
Subsurface -------
Subsoil ________
Surface _______
Subsurface -------
Subsoil U_______
Surface _______
Subsurface ____
Subsoil ________
Surface ____
Subsurface __
Subsoil ________
Surface _______
Subsurface
Subsoil L-^--------
Surface
Subsurfaee--------
Subsoil ------------
Surface ____
Subsurface -------
Subsoil -----------
Surface _______
Subsurface -------
Subsoil -------------
Surface --------
Subsurface ------
Subsoil -----------
Surface _ --------
Subsurface —i--
Subsoil ________
Surface -----------
Subsurface ----- -
Subsoil ________
Surface _______
Subsurface ____
Subsoil ________
Surface _______
Subsurface ____
Subsoil _______ -
Surface _______
Subsurface ____
Subsoil  -----—
4272 
10680 
9968 
4272 
5340 
7832 
8544 
4272 
2136 
2136 
6761 
10680 
9612 
7832 
7120 
3204 
4272 
9968 
6.408
4i—5
4—41
5—51
5J—6
4—41
4272
5340
7120
10680
7120
2848
2136
6052
8544.
6408
3560
4984
4272
1780
5696
5340
3560
6408
6052
6408
7476
3560
5696
4*72
4628
7882
6408
4628
8514
4272
1424
2848
8544
4272:
■5096
9012
41—5
51—6>
5—5J
31—4
21—3
h—£)•§
31—4
4—41
4—41
21—3
4—41
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As to the limestone required by the acid surface soils there is 
wide variation among the different samples. Thus for one sur­
face sample only 1,424 pounds per acre was necessary, while 
another showed a requirement of 10,690 pounds per acre.
The variation in the lime requirements of the acid subsurface 
soils and subsoils under these acid surface soils was also very 
great. In every case, however, there was less acidity at the 
lower depths. This might be expected from the smaller amount 
of humus in the lower soils and therefore a smaller production of 
organic acids and smaller losses of bases than in the surface 
soils. In a few instances, the limestone requirement of the sub­
surface soil was the same as that of the surface soil above it, 
but the amount needed by the subsoil in nearly every case was 
much less. One point further is worthy of notice here and that 
is that in every case where the surface soil was acid the sub­
surface soil and subsoil were likewise acid.
The later tests oi Mississippi loess soils, table V, upholds the 
results of the earlier tests. Of the twelve samples secured, all
TABLE V. ADDITIONAL TESTS OF MISSISSIPPI LOESS SOILS.
Location
Couniy—Land Survey
Soil Stratum te
st
A.
cid
B
as
ic
i
Sampled -a INIo A A
!>
Clayton—'Sec. 2-91-6 —
Clinton—Sec. 1-83-2
Clinton—Sec. 8-83-2 __
Clinton—Sec. 25-83-2
Tama—Sec. 16-82-15 
Clinton—Sec. 25-83-2 __
Clinton—Sec. 25-82-2
Jackson—Sec. 36-84-3 .. .
Tama—Sec. 6-82-15
T a m a ______________
Tama—Sec. 4-82-15
Tam a—Sec. 14-82-16
138 0 to 6 in. (+ ) 1139 6 to 20 in. ( - ) 3560140 20 to  36 in. ( - ) 12816132 0 to  6 in. ( - ) 3560133 6 to 20 in. ( - ) 7120134 20 to 35 im. (—) 6408
129 0 to 6 in. ( - ) 6052130 6 to  20 in. ( - ) 10680
131 20 to 36 in. ( - ) 10680
125 0 to 6 in. (—) 3560
126 6 to  20 in. ( - ) 3560127 20 to  36 in. ( - ) 13884180 0 to 12 in. ( - ) 2136
181 12 to 36 in. ( - ) ' 5340
171 0 to  6 in. ( - ) 1424
172 6 to  20 in. ( - ) 3560173 20 to  36 in. ( - ) 8544168 0 to 6 in. ( - ) 1424
169 6 to  20 in. ( - ) 3560
170 20 to 36 im.. (—) 6408
162 0 to  6 in. ( - ) 2848
163 6 to 20 in. ( - ) 3560164 20 to 36 in. (—) 5340
216 0 to 20 in. ( - ) 2492
247 20 to 36 in. (—) 2848
81 0 to 6 im. (—) 712
221 0 to  6 in. ( - ) 2848
222 6 to 20 in. ( - ) 2136223 20 to 36 im.. (—) 6408219 0 to 20 in. ( - ) 5696220 20 to 36 in. ( - ) 4272
.2« I43 0)MgagSa§Q.O'f Q. O I 
.
OuOd
3J—4
5—5J
3|—4
3—3J
2J—3
2J—3
3—Si
3—3Ì
2— 2Í
3 -  3 i
4J—5
24
Bulletin, Vol. 13 [1914], No. 151, Art. 1
http://lib.dr.iastate.edu/bulletin/vol13/iss151/1
177
were acid at the surface except one, and all the subsurface and 
subsoil samples were acid. The one surface soil that was not 
acid was underlaid by an acid subsurface soil and an acid sub­
soil. Only two of the acid surface samples showed a limestone 
requirement of more than 3,560 pounds (about 1% tons) ; the 
others all needed between %  and 1%  tons.
In four cases the subsurface soil showed just about the same 
degree of acidity as the surface soil, but in the other seven 
cases the acidity was not so pronounced. Among the subsoils 
three samples showed as much acidity as the surface soils, or more, 
while the rest showed a smaller amount of acids. The wide 
variation in the limestone requirements of the subsurface soils 
and subsoils in this area is clearly shown and serves to emphasize 
the fact that tests of the soil must be made from time to time, 
even after the application recommended is made to the surface 
soil.
Considering the tests of the Mississippi loess soils as a whole, i 
the prevalence of acidity is quite clearly shown and the average 
limestone requirement of the soils is found to be between 1% 
and 2% tons per acre. The average application of limestone 
recommended for soils in this area would, therefore, be from 3% 
to 4%  tons per acre. In a few instances this amount might 
prove insufficient, but in the majority of cases it would be ample 
to insure the best reaction in the soil.
TESTS OF SOUTHERN IOW A LOESS.
The results of the earlier tests of the southern Iowa loess 
samples are given in table VI. Sixteen out of the twenty-six 
surface samples examined were acid and the other ten showed 
a non-acid, or basic, reaction. It was evident here that a rather 
large proportion of the soils in this area are in need of lime. 
Furthermore, while in five cases non-acid surface soils were 
underlaid by basic subsurface soils and subsoils in the other 
five instances basic surface soils were found overlying acid sub­
surface soils or subsoils. This is the same peculiar situation 
which was noted in the case of the Mississippi loess soils. The 
explanation for this unusual occurrence is probably the same as 
that suggested in the other case. The fact that the southern 
Iowa loess*is very thin in spots and the old leached nut Kansan 
till may appear at or near the surface is well-known. Further­
more, the accumulation of lime at some time in the surface soil, 
or the check of losses of bases by some agency, may explain the 
non-acid character of the surface soil. At any rate, these five 
soils seem in danger of becoming acid at no very distant date, 
as the lime now present in the surface soil is slight, as was shown
25
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by the complete chemical analyses of the soils. Only five out 
o± twenty-six samples were distinctly basic in reaction. The 
general need for lime on soils in this area is, therefore, quite 
apparent. H
The amounts of lime required to neutralize the acidity in 
the surface soils in this area are exceedingly variable, ranging 
from 2,136 pounds per acre up to 9,256 pounds per acre. Ten 
surtace samples showed a requirement of more than three tons 
per acre, while the others showed need of less than two tons.
ests of subsurface soils and subsoils gave very irregular re­
sults. In six case& the subsurface soils were just as acid as the 
surface sods, or more so, while in the other cases they were less 
acid. The subsoils m every case needed less limestone than the 
surface and subsurface soils.
It is apparent, however, that the subsurface soils and sub­
soils m this area should be tested for acidity so that the future 
need for lime may be determined. The Southern Iowa loess 
soils seem very apt to be acid and to be in need of lime for the 
best growth of crops. Furthermore, future tests of the soil 
must be made 'from time to time. One application of lime 
supplying the needs of the surface soil and a small excess, will 
not keep the soil in the best condition for any length of time 
because of the acidity of the subsurface soils and subsoils.
TABLE VI. THE TESTS OF THE SOUTHERN IOWA LOESS 
SAMPLES.
Depth o f  Sampling: Surface, 0 to ’ 6§ inches. Subsurface, 6§ to  20 inches Subsoil
20 to  40 inches.
Location
County—Township
Jefferson—'Center ___
Jefferson—Black Hawk 
Jefferson—Buchanan
Jefferson—Center _____
Monroe—Troy _________
Monroe—Troy ____ _____
Monroe—B luff Creek „
o
&
oGQ L
ab
. N
o. Soil Stratum
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79 235 Surface _ _ . . . (—) 3560 3J 4236 Subsurface __ _ ( - ) . 12816237 S u b s o i l__ . . . (—) 320480 238. Surface (-> 2136 3—3J239 Subsurface - _ . (—) 4984240 . Subsoil _ _ _ _ e—) 320481 241 Surface ______ ( - ) 3916 3J—4242 Subsurface (—) 7120243 Subsoil __ _ (—) 96128'2 241 Surface _ _ _ c—> 6052 5 51245 S u b su rface____ c+) 2246 Subsoil _______ (+ )
S3 . 247 Surface I  (+ )
248 I Subsurface ___ (+ )249 Subsoil M l  :
84 19 1 Surface B 6764 '251 I Subsurface ___ I ( - ) 4272252 Subsoil ( - )  ■ 1602085 253 1Surface ■ 7832 5J—6
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TABLE V I — Con tin u ed— THE TESTS OF THE SOUTHERN IOWA 
LOESS SAMPLES.
Location
County—Township
dS3
Ô02
Monroe—Troy - - - - - -----------
Appanoose—-Caldwell----- -------
Appanoose—Caldwell -----------
Appanoose—Vermilion
Wayne—-C o ry d o n --------------- — -
Wayne—Union ----------- --------
Wayne—Union — -------
Wayne—U n io n -----------------------
Decatur—Long Creek -----------
Decatur—Franklin ----- - - - - -
Deeatur—Franklin ----------------
Decatur—Franklin ——— ——
Union—Highland ------—
Union—Highland ----- — --------
Union—Grant --------------------
Union—Grant ----------------- ------
Ringgoldi*Jefferson - ........
Ringgold—Jefferson --------------
Ringgold-^Washington
86
87
88 
89
90
91
92
93
94
95
96
97
98
99
100
n
102
103
104
6
S3
03hi
Soil Stratum
254 Subsurface ——
255 Subsoil - ------~
256 Surface -----------
257 Subsurface —- J
258 Subsoil --
259 Surface -----------
260 Subsurface
261 Subsoil - - -
062 Surface —
283 Subsurface ____
204 Subsoil -----
265 Surface --------
266 Subsurface — -
267 Subsoil
268 Surface _ ------
269 Subsurface -----
270 Subsoil ---------
271 Surface --------
272 Subsurface - -
273 Subsoil --------- --
274 Surface
275 Subsurface ——
276 Subsoil - -
mm Surface - --
278 Subsurface — —
279 Subsoil •-------- -
280 Surface -----------
281 Subsurface
282 Subsoil - --------
284 Subsurface H
.285 S u b s o i l --------- -
286
287 Subsurface — —
288 Subsoil - -
289 Surface _ — —.
290 Subsurface -------
292 Surface - -------
293 Subsurface -
094 Subsoil —-----
295 Surface ------
296 Subsurface ------
297 Subsoil — ---------
298 Surface -----------
299 Subsurface -----
300 S u b s o i l --------
301 Surface - -  k
302 Subsurface -----
303 Subsoil -----------
304 Surface — -----
306 Subsurface -----
306 S u b s o i l -----------
- 307 Surface . ~  —
308 Subsurface — -
309 Subsoil - i -  —
mm Surface — ■
311 Subsurface
312 Subsoil - ......... -
(-) . (-) B  (-) (-) (-) (-) (+) (-) (-) B  (-) (-) (-) (-) ■  (+) (-) (-) (+) (+) (+)
w  (-) (+) |B (-) (-> H  (+) :
B(+).(-)•(-)(+>■(-)(+>(+>
t+)(+)(-)l iH iH(+)(-)(-)(+>
(+)B(+)BÜKBj i )
• (>)n
(4-1
A't)B
-p O) cäan , ■<p s-i
14952 
12816 . 
6764 
7120 
8544 
9612 
9258
. ~9250~ 
8544 
7476 
4984 
16376 
14952 
7832 
11392
”""3560
12816
5—i j
61—7 .
.""6 Ï-7 ”
4—41
5J—6
’ ” ¡272” "’ 4—41
7120
5696
51—6
— — — — —
7120
7120
5V -6
6408 5—;5^ |
"ÏÔ68Ô*
m —
5696
0408
6408
—
6408
1---- - : : : : : : : : :
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The later tests of the samples of southern Iowa loess, table 
VII, show that only one sample out of twenty-one was not acid.
TABLE VII. ADDITIONAL TESTS OF SOUTHERN IOWA LOESS
SOILS.
Location
County-Land Survey Ü
Soil Stratum 
Supplied ■2«¡pq •s II ■
a \ u  
O' O o  £ 03
o eit
c
(-
)
(+
) a 3 <d .gcp .GQ
Monroe—Sec. 26-72-17 
Decatur—Sec. 5-68-25 . 
Decatur—Sec. 5-68-25 _ 
Decatur—Sec. 18-68-25 
Jefferson—Sec. 3-72-10 
Union—Sec. 6-72-30 ___
22
23
24
251
252
253
254
255
256
257
258
259
4
56
160
161
0 to 6 in. 
6 to  20 in. 
20 to  36 in. 
0 to  6 in. 
6 to 20' in. 
20 to 36 in. 
0 to  6 in. 
6 to  20 in. 
20 to 30 in. 
0 to  6 in. 
6 to 20 in. 
20 to 36 in. 
0 to  6 in. 
6 to  20 in. 
20 to  36 in. 
0 to  6 in. 
6 to  20 in.
Jefferson—See. 35-73-16
Jefferson—See. 31-73-9
Monroe—(Sec. 16-72-17 _
Union—Sec. 33-73-30 ___
Decatur—Sec. 13-68-26
Jefferson—Sec. 14-72-10
Monroe—Sec. 32-73-17 __
Union—Sec. 5-72-30 ____
Union—Sec. 31-73-30 —
Monroe—Sec. 26-72-17
Warren _______ _________
Warren _________________
Marion _____ _______
Marion ______ _______
Marion _____________ ____
260 20 to 36 in.
7 0 to  6 in.
8 6 to 20 in.
9 20 to 36 in.
10 0 to  6 in.
11 6 to  20 in.
12 20 to  36 in.
13 0 to 6 in.
14 6 to 20 in.
15 20 t o  36 in.
210 0 to  6 in.
211 6 to 20 in.
212 20 to  30 in.
205 0 to 0 in.
200 6 to  20 in.
207 20 to 36 in.
1 0 to  6 in.
2 6 to 20 in.
3 20 to  36 in.
16 0 to 6 in.
17 6 to  20 in.
18 20 to  36 in.
144 0 to 6 in.
208 6 to  20 in.
209 20 to  30 in.
141 0 to 6 in.
142 6 to 20 in.
143 20 to  36 in.
19 0 to  6 in.
20 6 to 20 in.
21 20 to  36 in.
101 0 to  7 in.
202 7 to  36 in.
303 0 to 7 in.
404 7 to  36 in.
A 0 to  6 in .
B 6 to 36 in.
C 0 to 6 in.
D 6 to  36 in.
E 0 to  6 in.
F 6 to 36 in.
1 4984
Hi 
4J—5
3560
16020
2492 3—3Ì
7120
19224
3204 3i—4
7120
17089
3560 3 ^ 4
6408
10680
2848 3—3J
3560 3¿—4
4272
10680
7120 5J—6
9256
14952
3560 3J—4
3560
8544
2848 3—3Í
1424
2136
2136 3—3J
2848
5340
3560 3 Í-4
4984
5340
3500 3|—4
5696
2136
7120
10080
5J—6
17089
3560 3J—4
2848
12816
2130 3—3J
2136
8544
1780 2J—3
5696
4984 4—4|
6052 5—5i
3560
1068 2|—3
2136
2492 3—3!
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This sample was underlaid by a basic subsurface soil and 
a basic subsoil. Of the acid surface soils only three were 
underlaid by basic subsurface soils and subsoils. It is evident 
therefore that the acidity in these soils is quite generally distrib­
uted throughout the soil to a depth of 36 inches. Only four 
of the acid surface soils showed a limestone requirement of more 
than 2 tons per acre, the others all needing about 1% to 2 tons 
per acre.
In general the tests of the subsurface and subsoil samples 
showed that in most cases there was less acidity in the lower 
soil layers than at the surface, which is the state of affairs or­
dinarily to be expected. In two cases, the subsurface soils show­
ed a greater amount of acids present than the surface soils and 
in five instances the subsoils slmwed greater acidity than the 
surface soils. In the great majority of cases, however, the lower 
soil layers while acid in reaction were not so distinctly and 
strongly in need of lime as the surface soils.
In the soils in this area, therefore, the complete results show 
that acid conditions are very common, and the average lime­
stone requirement for the acid soils was found to be 1 %  to 3 
tons per acre. An average application of 3y2 to 5 tons of 
limestone per acre should, therefore, be made to acid soils m 
the southern Iowa loess area to bring them to the best reaction 
of crop growth. Again the fact should be emphasized that 
definite amounts cannot be recommended for every soil within 
any soil area. Each soil must be tested individually to ascer­
tain the exact amount of limestone needed.  ^ The above figures 
merely show the average application for acid soils.
THE TESTS OF WISCONSIN DRIFT SOILS.
The earlier tests of the 'Wisconsin drift soils, table VIII, show 
that only one surface sample out of eight examined was acid, 
and that one showed a limestone requirement of 3,560 pounds 
pep acre. SNo subsurface soils nor subsoils were acid. The num­
ber of safnples examined in this work was too small to permit 
of definite conclusions, allowing merely of the tentative state­
ment that Wisconsin drift soils are not generally in need of 
lime'as only in special cases is any acidity shown.
The results of the later tests of Wisconsin drift soils, given 
in table IX , show that nine out of fourteen samples tested were 
acid in the surface soils. In only two cases, however, did the 
soils tested show acid conditions through the subsurface soils 
and subsoils, and in four instances the acidity was restricted to 
the surface six inches.
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TABLE VIII. THE TESTS OF THE WISCONSIN DRIFT SOILS.
Depth o f  'Sampling: Surface, 0 to  6§ inches. Subsurface, 6| to 20 inches. Subsoil 20
to  40 inches.
Location
County—Township
Clay— Kivertoa _______
Clay—Lincoln ___ ____
Clay—Chillings Grove
Clay—Sioux ________ ..
Kossuth—Plum Creek 
Kossutlc-pjurn Creek
Kossuth—Union ______
Kossuth- Union — ___
90
91
92
93
94 
9© 
98
97
98
99 
100 
101 
102
103
104
105
106 
PC 
108
109
110 
111
Soil Stratum
Surface ___
Subsurface
Subsoil ___
S u r fa ce ___
Subsurface
Subsoil ___
S u r fa ce ___
Subsurface
Subsoil ___
Surface __
Subsurface
Subsoil ___
S u r fa ce ___
Subsurface
Subsoil ___
S u rfa ce___
Subsurface
S u b so il___
S u r fa ce___
Subsurface
Subsoil ___
S u rfa ce___
Subsurface 
Subsoil ___
-o »
m
S i
(+)(+)(+)(+)Ü(+)(+)(+)(+)(-)(+)(+)(+)(+)(+)(+)(+)(+)(+)(+)(+)(+)(+)(+)
«H.Q
27 ®fl 1 t*O'O o
3560
TABLE IX. ADDITIONAL TESTS OF WISCONSIN DRIFT SOILS.
Location
County—Land Survey
Carroll— See. 17-84-24 __ 
Hamilton—See. 11-88-25 
Hamilton—See. 14-88-25 
Hamilton—Sec. 12-88-25 
Clay—Sec. 19-9 -^36 •-____
Story __________ A - - .
Kossuth—Sec. 9-9528
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94 0 to 6 in. m 2848 3—31101 6 to 20 in. ( - ) 569699 20 to 38 ia. (—) 2136231 0 to 6 in. ( - ) 4272 . 4—41232 6 to 20 in. ( -> 5696233 20 to 36 in. (+ )228 0 to  6 in. (+ )229 6 to 20 in. (+ )
— .
230 20 to 36 in. m
248 0 to  0 in. H 1424 2i—3 ‘249 6 to 20 in. (+ )
250 20 to  36 in. (+ )121 0 to 6 » . ( - ) 4272;: 4—4.'.114 6 to 20 in. ( - i 3060100 20 to 36 in. (+ )79 0 to  6 in. m Ö6Ö6 4J—580 6 to 20 in. (+ )73 0 to  6 in. (+ )109 6 to 20 in. . (+ )118 20 to  36 in. (+ )
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TAÊLE I X — Con tin u ed—ADDITIONAL TESTS OF WISCONSIN
DRIFT SOILS.
Depth o f  Sampling: Surface 
Subsoil
____ 0 to 6| inches
____ 20 to  40 inches
Location
County—Township
Kossuth—Sec. 2S-95--8----------------
Story —----------------------- -----------------
Hamilton—Sec. 19-88-25 --------------
Clay—Sec. 15-96-37 -------------------- -•
Carroll—Sec. 23-81-31 ----------------
Story --------------------------------
Story ________ ---------------------- —
Ó
fc '
’S ! 
. &
Soil Stratum 
Sampled
V
ei
tc
h 
te
st
 
(—
)=
A
ci
d 
(+
)=
B
as
ic
L
im
es
to
ne
 r
e­
qu
ir
ed
—
lb
s.
 
pe
r 
ac
re
74 0 to  6 In. (+ ) ________ I
75 6 to 20 in. (+ ) m sm ——
116 20 to 36 in. (+ )
82 0 to 6 in. H 4984
83 6 to 20 in. (+ )
84 20 to  36 in. (+ )
225 0 to  6 in. (+ ) _!_8HH
226 6 to 20 in. (+ )
. 227 20 to 36 to. (+ ) __—
72 0 to  6 in. ( - ) 3560
110 6 to  20 in. ( - ) 3560
117 20 to 36 in. n 16020
95 0 to  6 in. (+ ) _____
102 6 to 20 in. (+ ) _____ ;----
98 20 to 36 to. (+ ) ____
85 0 to  6 in. ■ 5696
86 6 to 20 in. ( - ) 4272
87 20 to 36 to. (+ ) ___
76 0 to  6 in. ( - ) 6764
(+ )
78 20 to 36 to . (+ ) I--- -
4-11
3i—4
4J—5 
*5—51
The limestone requirements of the acid Wisconsin drift sur­
face soils were quite variable, the average amount being to 
2 tons per acre. An average application of 3% to 4 tons per 
acre may, therefore, he recommended for acid soil within this 
area. In the few instances in which the subsurface soils and 
subsoils showed acidity, only once was there as much acidity in 
the subsurface as in the surface soil and only once was there 
as much in the subsoil as in the surface soil.
It is evident from these results that the Wisconsin drift soils 
are not likely to be acid although acidity is shown in certain 
cases; furthermore, only in very rare cases are they acid be­
low the surface six inches.
TESTS OF IOWAN DRIFT SOILS.
The results of the earlier tests of the Iowan drift samples ap­
pear in tablé X. Two samples only were basic out of twenty- 
one examined showing the prevalence of acid conditions in this 
soil area. Both of these basic samples were underlaid by basic 
subsurface soils and subsoils. Five acid samples were found 
overlying basic subsurface soils and suboils. It appears, there­
fore, that in a few cases the acidity in Iowan drift soils 
may be restricted to the surface soils, but in general acid con­
ditions at the surface are an indication of acidity down to forty 
inches at least.
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TABLE X. THE TESTS OF THE IOWAN DRIFT SAMPLES.
Depth of Sampling: Surface, O to 6| inches. Subsurface, I  to 20 inches. Subsoil 2o
to  40 inches. ’
Location
County—Township
Cerro Gordo—M a son __
Cerro Gordo—Mason —  
Cerro Gordo—Portland
Cerro Gordo ~ _________
Ployd—St. Charles
Ployd—St. Charles _____
Ployd—St. Charles _____
Bremer—Warren _______
Bremer—W arren________
Bremer—Lafayette ______
Black Hawk—Mt. Vernon. 
Black Hawk—Mt. Vernon. 
Black Hawk—Birmington 
Buchanan—Washington 
Buchanan—Washington 
Buch an an—Hazelton 
Buchanan—Hazelton 
Delaware—Delaware
Delaware—Oneida ________
Delaware—Oneida 
Delaware—Oneida ............ ...
Soil Stratum
3f 112 Surface113|| Subsurface114 I Subsoil40 118M  Surface . .
119 I Subsurface
41
120if; Subsoil .121 | Surface
122 I Subsurface
42
123 I Subsoil .
124 B Surface125 ■ Subsurface126 I Subsoil
43S  127 I Surface
128 | Subsurface
II 129 H Subsoil |44 130 | Surface ...
II 131 ¡^Subsurface
45
132 Subsoil
133 Surface
■  134 Subsurface
46
■ 135 Subsoi]
136 Surface
137 Subsurface
47
138 Subsoil
136 Surface
140 Subsurface'
141 Subsoil48 142 Surface
143 Subsurface
144 Subsoil
46 145 Surface
146 Subsurface147 Subsoil50 148 Surface
146 Subsurface150 Subsoil .51 ü Surface
152 Subsurface .
“52'
153 Subsoil .
154 Surface
155 Subsurface156 Subsoil .53 157 Surface
158 Subsurface -
54
156 Subsoil —
' 160 Surface
161 Subsiwface _
55
162 Subsoil
163 Surface
■ 1 164 Subsurface
56
165 Subsoil
166 Surface
167 Subsurface
57
168 Subsoil
160 Surface __
170 Subsurface
58
171 Subsoil
172 Surface .
173 Subsurface
56
174 Subsoil
175 Surface17« Subsurface
’ 177 Subsoil '
I ■  ■  (-)
2848
5696
4272
3—31
(+)(+)(+;(+)(+)(+)(-) 4272 4—41(-) 8544(-) 8544(-) 4984 4—41(+)(+)(-) 3560 3|—4(+)(+)(-) 3916 31—4(+)(+)(-) 4984 4—41(+)(+) gg(-) 6764 5—51(—v 16370(-) 7476(-) 3569 ¿1—4.(-) 7832(-) 12816(-) 7832 51—6'
( - )  1 6968(-) 8544(-) 10680 T—7j(-) 8544(-) 9612(-) 9968 61—7(-) 14240(-) 7476B 3560 31-4<-) 9968(-) 640S(-) 8900 6i—61(—) 13528C—) 4272(-•) 12460 8—81(—) 23496EÜ9 30972I I 7476 51—6(-) 14952(-) 22428(-) 7476 51-^ 6
c + )(+) I ■11(-) 7120 51-6(-) 142<0 .
i ® 22428
( - ) 8900 6—61
( - ) 14952 1
( - ) 8547
( - ) 10324 7—71
( - ) 14962
( - ) 6408 .
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Within this area there was the greatest variation in lime­
stone requirement observed with any of the soils tested. The 
requirements of the acid samples varied from 2,848 pounds per 
acre up to 12,460 pounds per acre. Fourteen of the acid samples 
required more than two tons of limestone to neutralize their 
acidity and of thesfe fourteen, six required more than four tons 
and ten more three and one-half tons per acre.
The later tests of Iowan drift soils given in table X I show 
that every sample examined was acid. Fifteen samples in all 
were taken, fourteen in Bremer county and one in Hardin. The 
results secured are, therefore, hardly comparable with the earlier
TABLE XI. ADDITIONAL TESTS OF IOWAN DRIFT SOILS.
Location
County—Land Survey
Soil Stratum 
Sampled
I +
03 S a
nP .O  i 
0 , 0  i <
Bremer—Sec.- 7-91-14 _ 
Bremer—Sec. 14-92-14 
Bremer—Sec. 18-92-13 
Bremer—See. 33-93-12 
Bremer—-See. ,17-91-14 
Bremer—Sec. 14-93-13 
Bremer—Sec. 29-93-12 
Bremer—'Sec. 21-92-14 
Bremer—«Sec. 28-92-14 
Bremer—Sec'. 18-91-14 
Bremer—Sec. 34-93-12 
Bremer—Sec. 18-93-12 
Bremer—Sec. 21-91-14 
Bremer—'See. 18-91-14 
Hardin—Sec. 22-88-20
198
Í99
200
177
178
179 
174 
176 
176
154
155
156
189
190
191
148
149
150
151
152
153
180 
181 
182 
186
187
188
192
193
194
157
158
159
145
146
147
183
184
185
195
196
197 
A 
B
0 to 6 in. ( - ) 1428 2J—3
6 to 20 in. ( - ) 3204
20 to  36 in. ( - ) 5304
0 to 6 in. ( - ) 1714 2J—3
6 to  20 in. ( - ) 4994
20 to 36 in. ( - ) 3204
0 to  6 in. ( - ) 1714 2J—3
6 to 20 in. ( - ) 3560
20 to  36 in. ( - ) 2136
0 to  0 in. ( - ) 1714 2J—3
6 to 20 in. ( - ) 7120
20 to  38 in. ( - ) 2136
0 to  6 in. ( - ) 1424 2J—3
6 to 20 in. ( - ) 2848
20 to  36 in. ( - ) 5340
0 to  6 in. ( - ) 8544 6|—7
6 to 20 in. ( - ) 14240
20 to  36 in. ( - ) 5340
0 to 6 in. ( - ) 2136 3—31
6 to 20 in. ( - ) 5696
20 to 36 in. ( - ) 16020
0 to  6 in. ( - ) 2136 3—3i
6 to  20 in. ( - ) 2848
20 to 36 in. ( - ) 5340
0 to 6 in. ( - ) 2136 3—%
6 to  20 in. ( - ) 4272
20 to  36 in. ( - ) 5340
0 to  6 in.. ( - ) 2848 3—3|
6 to  20 in. ( - ) 712
20 to  36 in. ( - ) 4272
0 to  6 in. ( - ) 4272 4—4£
6 to  20 in. (40
(+ )
0 to  6 in. ( - ) 10680 7—7|
6 to 20 in. ( - ) 9612 ______
20 to 30 in. ( - ) 9612
0 to 6 in. ( - ) 1068 2J—3
6 to 20 in. ( - ) 2848
20 to  36 in. ( - ) 2136
0 to 6 iin.. ( - ) 3560 S t~4
6 to  20 in. ( - ) 3560
20 to  36 in. ( - ) 7470
0 to 6 in. ( - ) 5606 4^ —5
(■+■>
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samples which were taken in six different counties within the 
soil area. It will be noted that in only two instances were the 
subsurface soils and subsoils basic, acid conditions being prev­
alent in this soil type to a depth of 36 inches. The variation in 
limestone requirements of the surface soils just in Bremer county 
was found to be very great, the average requirement being 1 y2 
to 2 tons per acre. The average requirement of soils within 
this area, however, as determined from the results of both 
series of tests, was found to be 2 to 3% tons of limestone per 
acre. The average recommendation for applications of limestone 
to soils within this area would, therefore, be 4 to 5Vo tons per 
acre. ^
GENERAL DISCUSSION OF TESTS.
Considering all of the results as a whole, it becomes evident 
that Iowa soils do not all need lime for their best fertility. Soils 
m the Missouri loess rarely need lime and then only in special 
cases, where the loess is unusually thin or has been subjected 
to some particular treatment. This soil as a general rule con­
tains an abundance of calcium carbonate or other bases, and 
the natural losses of these are not rapid enough to make 
the soil acid. But this does not mean that Missouri loess soils 
should not be tested for acidity. These soils will undoubtedly 
be in more general need of lime in the more or less immediate 
future and tests must be made to determine when that time 
comes.
The Wisconsin drift soils are not generally acid either, but the 
variation in soil reaction is greater here than in any of the 
other large soil types. Some few soils are very acid and some 
are very basic. These basic areas are probably due largely to 
the lack of drainage, and the formation of small ponds and 
sloughs in which carbonates are left when the water is drawn 
otf. The acid soils, which occur rather infrequently, are found 
on the upland wjiere the leaching action has been greatest and 
the crop growth has been the greatest. The soils in the Wis­
consin drift area should be carefully tested, for while the lower 
soil layers may be rich in carbonates if the surface is acid, 
some crops, particularly clover and alfalfa, will not yield en­
tirely satisfactory crops. The amount of limestone which must, 
be applied to acid soils in this area is exceedingly variable and 
definite recommendations cannot be made. Each soil must be 
tested and its individual requirement determined.
Soils in the Mississippi loess, the Southern Iowa loess, and 
the Iowan drift, are very apt to be acid. The use of limestone 
on most of the soils within these three large soil areas, con-
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stituting over one-half of the state of Iowa, is necessary now if 
the best crops are to he secured. The two loess areas are very 
similar in their limestone requirements and the number of _ acid 
soils which they contain and also in the depth to which acidity 
prevails. Both are underlaid by the poor leached out Kansan 
till and Illinoisan till which are quite uniformly deficient in 
bases, and these remains of older glaciations are rather near 
the surface in many instances. In the southern Iowa loess the 
Kansan till appears at the surface rather frequently. Tests must 
be made at frequent intervals on these soils in order that the 
need for lime may he ascertained.
The Iowan drift soils are perhaps most in need of lime. The 
Iowan drift area is an older drift soil than the Wisconsin and 
it has been much better drained. The leaching action has there­
fore been much greater and the washing out of the lime and 
other bases has been exceedingly rapid.
It must be understood, however, that every soil within the 
Iowan drift area is not more acid than every soil in the rest of 
the state. Such is far from being the case. There are soils 
in the Mississippi loess area and in the southern Iowa loess area 
which need more lime than some of those in the Iowan drift. 
This is well shown by the results secured by the tests of several 
samples in Bremer county, in the Iowan drift area, which 
showed only small limestone requirements while some samples 
in Union and Jefferson counties, for instance, in the southern Iowa 
loess area needed considerable amounts. The average soil in 
the Iowan drift area is badly in need of lime and when acid is 
in need of wore lime than the average acid soil in the other 
soil areas. Furthermore in the Iowan drift area the soil is 
usually acid down through the subsurface and subsoil while in 
the other soil areas this is not so generally true. Hence more 
frequent testing of soils in the former area is necessary to check 
th$ spread of acid conditions even after lime has once been 
applied.
THE LIME USED IN AGRICULTURE.
There is some confusion in the use of the term lime. Or­
dinarily* lime means a compound of calcium and oxygen, known 
aS calcium oxide, CaO. At one time in the past it was sup­
posed that calcium oxide, or lime, was present in all calcium 
compounds and they were therefore called “ lime”  compounds. 
This led to the general use of the word “ lime”  to refer to any 
material containing calcium. That use has persisted and now 
in many reports and papers the term lime occurs, not when cal­
cium oxide alone is meant, but when calcium carbonate, 0 a 0 0 3,
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calcium hydroxide, Ca(OH )2, and other compounds are referred
In the agricultural world the term “ lime”  has very common- 
y  been used to mean any calcium compound which has the 
power of neutralizing soil acidity and which is applied to the 
soil for that purpose.
Distinction should be made between these compounds for there 
is some difference between their action and effects when applied 
to the soil.
The materials in which “ lime”  occurs and which may be used 
m agriculture are calcium carbonate, CaC03; lime or quicklime, 
OaO ; calcium hydroxide or hydrate of lime, Ca(OH )2; and air- 
slaked lime, which is a mixture of the hydrate and the carbonate.
Calcium carbonate occurs extensively in nature in rocks such 
as limestone and marble, in deposits of chalk, a non-crystalline 
form, m sheds, shell marls, etc. This is probably the most im­
portant compound of lime in nature and the natural form in 
which returns of this compound should be made to the soil to 
remedy acid conditions.
In limestone, calcium is often associated with more or less 
magnesium, also in the carbonate form, and when the amounts 
oi calcium and magnesium present are almost equal the lime­
stone is known as dolomite. Chalk, marble and shells are pure 
calcium carbonate and shell marls contain very little magnesium 
the presence of this magnesium in limestone in most cases does 
not affect the ^ value of the material as a remedy for soil acidity. 
Much discussion of the relative value of magnesian and non- 
magnesian limestones for application to the soil has led to no 
definite conclusions. The belief existing at present is that the 
action varies with different crops and on different soils and this 
seems very reasonable.
_ Calcium oxide is known commercially by various names, among 
whmh are quicklime,”  “ burned lime,”  rock lime,”  “ stone 
lime, builders lime,”  “ caustic lime,”  etc. The product 
whatever the name attached, is obtained by the expulsion of thé 
carbon dioxide, C02, from calcium carbonate by the aid of 
heat, and its composition is the same, calcium oxide, CaO.
When  ^magnesian or dolomitic limestones are burned the 
product is known as magnesian stone-lime; the proportion of 
calcium to magnesium present varies of course according to 
the composition of the original stone. It has been claimed that 
much magnesium present in the limestone has an injurious ac­
tion on the slaking property of the “ lime,”  the product formed 
by burning.
Calcium hydroxide, Ca (O H )2, is produced when quicklime,
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Calcium oxide, is treated with water, or slaked and the product is 
called “ water-slaked lime,”  or “ hydrated lime.”
When quicklime is exposed to the air it gradually absorbs 
moisture and carbon dioxide and becomes “ air-slaked,’ the 
product containing more calcium carbonate and less calcium 
hydroxide than the “ water-slaked lime.
There is considerable difference in the amount of lime or 
calcium oxide which is present in these different compounds. 
One hundred pounds of calcium carbonate contains only 5b 
pounds of calcium oxide and hence when 100 pounds of lime­
stone are burned there is produced 56 pounds of quicklime. 
Water-slaked lime contains less calcium oxide than quicklime, 
100 pounds of calcium oxide combining with about 32 pounds 
of water to produce 132 pounds of the calcium hydroxide. Air- 
slaked lime”  is exceedingly variable in composition, as might 
be expected, and usually consists of a mixture of quicklime, the 
carbonate of lime, and the hydrate of lime.
It is evident that when these materials are employed for agri­
cultural purposes, some consideration should be given to their 
composition, for their values in neutralizing the acidity m the 
soil depends entirely on the amount of calcium oxide they con­
tain. Much discussion has been carried on regarding the values 
of these different materials for application to the soil; there 
seems also to be some confusion regarding the meaning of many 
of the results of experiments which have been carried out on 
various soils. Some of the experiments have shown that the 
carbonates give better results than the burned lù^v but t e 
criticism has been offered that the applications of the latter 
material were too heavy and should have been made m smaller 
amounts at more frequent intervals, when the comparisons would 
have been more satisfactory. Other experiments have snown 
that burned lime was more efficient than the other forms. Defi­
nite conclusions can hardly be reached now and it is doubtful 
if it will ever be possible to formulate any fixed principles which 
would be applicable under all soil and crop conditions regard­
ing the use of these materials. The effects of the carbonate and 
the oxide or the hydroxide are so variable on different soils and 
for different crops that long continued and extensive experiments 
on any soil would be necessary in order to arriva at any con­
clusions for that particular soil regarding the best material to 
use.
The cost of the materials, including the freight, must also 
be considered. The greater the distance the substance must 
be transported, the greater the total cost. The cheapest and 
best material may not be the same in different localities.
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^  Unw Ubtedly some differences in the action of 
the different substances common to all soils. Thus there is 
ardly any question but that burned lime or hydrated lime gives 
quicker effects, very largely because of its physical character 
whmh is powdery, while the carbonate is crystalline, or com­
posed of comparatively large particles. Even finely ground lime- m  Eg composed of much _ larger particles than the burned 
Pn, so.lls thls quicker action of the burned lime or 
he hydrated lime is apt to be injurious. These limes act largely 
«  stimulants and it may bring about too rapid destruction of 
the organic matter; this will be followed by an over-production 
of available plant food and the humus and plant food content 
may be lowered to an injurious extent. On soils, very rich in 
organic matter such as swampy or peaty soils, the use of these 
materials would probably be advisable. In ordinary cultivated 
soils it is so important to maintain the humus content that it 
is hardly advisable to apply materials which, while producing 
increased yields, may impoverish the soil. Limestone or cab 
cram carbonate does not have this stimulating action to such a 
arge extent While it does not act on the soil so quickly, it is 
rapid enough to neutralize acid conditions, to improve the phys­
ical character of the soil, and to encourage bacterial activities, 
recautions must always be taken in applying burned lime or 
ydrated lime to any soil, and particularly to one not well sup- 
W/ th Small applications must be made at short
ntervals and at certain times. Limestone on the other hand 
may be applied in larger quantities and at any time and no 
injurious action on the soil will occur.
There is one point further to be mentioned in this connection 
and that is that burned lime, although changed to the carbonate 
when applied to the soil, M probably more readily leached out 
■  tJle soil than the carbonate applied as such. Thus the effects 
ot applications of limestone will persist through a longer period 
and its frequent use is not so necessary, the soil reaction being 
kept more nearly uniformly basic. •
TEE KIND OF LIME TO USE ON IOW A SOILS.
There are many limestone deposits in Iowa and ground lime­
stone or limestone screenings may be obtained for agricultural 
purposes at a much smaller cost than burned lime. Of course 
a larger bulk of material must be secured, but the difference in 
reight rates because of this fact is small compared with the 
difference m cost.
The effects of limestone on acid soils in Iowa in general are 
good and it seems hardly possible that burned lime or hydrated
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lime could be more effective. This fact,, taken together with the 
danger of injury, by the use of the latter materials and the 
lesser cost of the limestone, leads to the conclusion that limestone 
is the cheapest and best material for use in this state.
It has been urged that limestone should be used only when 
finely ground. This does not seem to be a necessity and in fact 
certain authorities insist that limestone composed of part dust 
and part coarser particles is just as efficient and will persist 
longer in the soil than material which is all dust. It is believed 
that a material should consist of at least 60-70% dust to prove 
satisfactory. Limestone screenings should be more than half 
dust or its effects may be too slow to have the greatest value.
Many of the Iowa limestones contain magnesium and some of 
them contain so much that they hre dolomitic. While as has 
been mentioned it has been claimed that on certain soils non- 
magnesian limestones may prove of superior value to magnesian, 
as far as experience in Iowa has given any evidence along this 
line there seems no choice between limestones because of their 
magnesium content. It is believed that the ease of maintaining 
the limestone and its cost should govern in its choice rather than 
its content in magnesium.
THE ANALYSES OF IOWA LIMESTONES.
Various samples of ground limestone and limestone screenings 
have been secured from concerns dealing in these products and 
from individuals who have bought the materials for application 
to the soil and analyses have been made in the laboratory. The 
results are given in table X II and the samples are referred to 
by number without reference to their source. Part of the sam­
ples examined were put through a sixty mesh sieve and the vari­
ation in percentage of material passing this sieve was very 
In one case only 17% passed through while in another case 55% 
went through. It is evident that the limestone on the market 
for agricultural purposes varies much in physical composition.
Chemically there is a wide variation among limestones m con­
tent of calcium carbonate, magnesium carbonate, and insoluble 
materials. Many contain a rather large percentage of materials 
(chiefly siliceous) other than the carbonates. In two instances 
there weye total carbonate contents of only 72 and 74%, the same 
samples containing 21 and 22% of insoluble materials. A third 
sample contained only 71% of carbonates. When the amount 
of insolubles in a sample is large the limestone is impure and 
while it will neutralize acid conditions, larger quantities must 
1)6 US6(1.
Samples 14 and 15 were submitted on the supposition that they 
were good limestones but the analyses showed only 39 and 24%
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TABLE XII. ANALYSIS OF SOME IOWA LIMESTONES.
Laboratory
N o.
Through 
60-Mesh sieve 
%
Insoluble 
Residue 
. %
Calcium
Carbonate
%
Magnesium
Carbonate
%
A l203-Fe20 307/o
1 18.6 13.67 81.46 1.69■ 2- 21.45 54.66
3 ________ 1.88 94.21
4 _ ____ 5.81 89.465 ________ 40.0 1.73 94.96 1.346 . . .  __ 19.6 7.83 86.21 1.567 _ — ___ 55.3 5.74 49.46 37.38
a  ____ 51.0 21.79 72.00 2.029 _____ . . . 26.2 15.11 74.67 4.2610 ---------- 17.1 10.34 83.30 1.3811 ___  __ 25.8 13.70 81.26 1.14 1.8812 9.50 86.39 2.3213 48.43
14 ________ 29«.n
15 ________ 22.77
16 ............... 57 89117
18 . . . _____ 2.64 ( 68.28 26.®! 1.35
of carbonates present, respectively, and hence the samples could 
hardly be recommended for use except in very large amounts.
All of the limestones contained some magnesium carbonate but 
in eleven of the samples the amount was small compared with 
the calcium carbonate. In three instances the amounts of mag­
nesium carbonate were so large that the samples were found to 
be dolomites and in four other cases the materials should be 
considered as magnesian limestones. As a whole it is found, 
however, that Iowa limestones are not up to the standard in 
content of carbonates and many of them contain rather consider­
able amounts of foreign materials.
Samples No. 5, 16 and 17 are the only ones which are prac­
tically pure limestones, although samples No. 3, 4 and 18 are 
better than the average. The average carbonate content seems 
to be about 86%, eliminating the two samples 14 and 15 already 
referred to. Some of these limestones are being sold under a 
guarantee of 92-95% but the analyses will not confirm the guar­
antee. Those dealing in limestone for agricultural purposes 
should take more precautions that analyses are made of repre­
sentative samples from their quarries and protect themselves 
from false claims for their materials. The analysis of one sample 
will not serve for material from various quarries and if this 
sample has not been taken with the greatest care the analysis will 
not prove of material value. Furthermore the physical condition 
of the limestone must be assured for this is of much significance 
in determining the amount to apply and the frequency of appli­
cation.
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The point to be kept in mind when considering the chemical 
composition of limestones is the fact that the smaller the content 
of carbonates, the larger the amount necessary to apply to 
neutralize a definite amount of acidity. The figures given in 
this bulletin refer to pure calcium carbonate and hence the actual 
amounts of limestone needed to remedy the acidity would he 
somewhat larger where a poorer grade of limestone is employed. 
The applications recommended, however, are in every case made 
large enough to cover such variations as may occur in the com­
position of the different limestones which are available for use 
and hence if the larger recommendation is followed sufficient 
carbonates are undoubtedly supplied in most cases to neutralize 
the acidity in the soil and to secure the best reaction for crop 
growth.
THE APPLICATION OF LIMESTONE TO IOW A SOILS.
It has been emphasized repeatedly in the previous pages that 
it is absolutely impossible to state definitely how much limestone 
should be applied to any soil without an individual laboratory 
test of that particular soil. It has been noted also that the vari­
ation in limestone requirement among soils within any area is 
as great as among soils from different large areas and hence no 
fixed applications can be recommended for any one soil area 
which can be depended upon to meet the needs of all soils within 
that area.
Where it is impossible to have each soil tested individually, the 
average applications which have been recommended for the dif­
ferent soil areas would probably prove sufficient in the great 
majority of cases. In other words if a soil in any of the large 
areas shows an acid reaction by the litmus paper test and it is 
impossible to have that soil tested in the laboratory, the average 
application of limestone recommended in this bulletin should 
usually prove sufficient. It must be stated here that while the 
Soils Section of the Agricultural Experiment Station is ready 
and willing to examine samples of soil for individuals it would 
obviously be impossible to determine the exact limestone require­
ment for each soil submitted for examination, as the laboratory 
method consumes considerable time for its completion and the 
laboratory facilities and assistance are inadequate to handle any 
large number of samples.
The average recommendations made previously must therefore 
be depended upon as being very nearly satisfactory and indeed 
as closely accurate as it is possible to come without individual 
tests.
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Crops may vary considerably in their' sensitiveness to acids 
as has been mentioned, legumes being affected more quickly than 
other crops by acid conditions in the soil. It has been stated 
that a lime content of 0.05% is sufficient for such crops as rye 
and potatoes, a somewhat larger amount, probably about 0.1% 
or more is the best for ordinary farm crops like corn, oats, 
wheat, etc., while legumes such as red clover and alfalfa grow 
best when there is at least 0.2% and 0.3% of lime present re­
spectively.
The average recommendations made here have been calculated 
by adding to the limestone requirement of the surface soils which 
were acid, two tons of limestone. This insures the best re­
action for the growth of the crops in the regular four-year rota­
tion of corn, corn, oats, and clover. Where special crops are 
grown the amounts recommended may be reduced somewhat or 
increased as the crop may demand. Thus for potatoes it would 
probably be unnecessary to add as much limestone while for 
alfalfa three tons in addition to that required for the neutraliza­
tion of the acidity should be applied to insure the best crop 
growth.
The average recommendations for the large soil areas which 
were arrived at from the data presented in the previous pages 
were quite similar. For the few acid soils in the Missouri loess 
and the Wisconsin drift areas 3 tons of limestone per acre 
should be applied, in the Mississippi loess where a large number 
of acid soils was found, the average application should be ^V2-^V2 
tons per acre, in the Southern Iowa loess with about the same 
proportion of acid soils as the Mississippi loess-, 3%-5 tons per 
acre should be employed, and in the Iowan drift with the largest 
proportion of acid samples, the largest amount of limestone 
4-5% tons per acre should be supplied.
It must be emphasized here again that these recommendations 
are based on the requirements of the surface soils and the 
applications of these amounts of limestone will not insure the 
maintenance "of a basic reaction in a soil for any long period. 
If the subsurface soils and subsoils are strongly acid as has been 
shown to be the case quite frequently, the need for more lime 
will occur rather quickly, the acids brought up in the capillary 
water using up much of the carbonates added. Frequent tests 
of soils must be made therefore to insure the best reaction for 
crop growth. This is true regardless of the rotation which is 
practiced although where alfalfa is grown in the rotation, as has 
been pointed out, there is more need for lime than with most 
other crops.
It will not be necessary, however, to make as large applications 
of limestone after the soil has once received enough to give it the
42
Bulletin, Vol. 13 [1914], No. 151, Art. 1
http://lib.dr.iastate.edu/bulletin/vol13/iss151/1
195
optimum basic reaction. In other words the average applications 
recommended here are calculated only for soils to which no lime­
stone has ever been applied and which are therefore decidedly 
acid. When one of these applications has been made, a small 
amount of limestone, one or two tons per acre, once in four or 
five years would probably be sufficient in the great majority of 
cases.
Of course where the lower soil layers are acid now and enough 
limestone is not applied to neutralize these, it may be necessary 
to make applications similar to the first several before the
soil is brought into a condition of normal basicity. When this 
is accomplished, however, the smaller applications should prove
sufficient to keep the soil basic in ieaction.^
Instead of making an application of limestone once m the 
rotation, smaller amounts may be applied once in two years or 
even annually. It is sometimes of advantage to make the smaller 
and more frequent applications because in that way the soil is 
prevented from becoming so markedly acid in reaction as may e 
the case in four or fivn years of intensive cultivation.,
THE TIME OF APPLICATION.
Ground limestone or limestone screenings may be applied at 
any season, but the application should be made after plowing and 
the material thoroughly disced or harrowed m. It is not advis­
able to apply before plowing as lime tends to move downward m 
the soil and the full benefits from the material are not obtained 
if it is not thoroughly incorporated with the soil, the lime­
stone may be spread on fall plowed land in the late fall or winter, 
it may be applied in the early spring, or it may be harrowed m 
shortly before seeding.
Limestone may be applied anywhere in the ordinary rotation 
but if only one application is made it is advisable to apply 
before seeding to oats and then the proper reaction m the soil 
is assured for the clover which is the crop m the rotation most 
sensitive to acid conditions in the soil.
When potatoes are grown in the rotation, the limestone should 
be applied immediately following the potato crop. This is. ad­
visable in. order to avoid any encouragement of the development 
of potato ‘scab, a disease which frequently attacks and may 
destroy potato crops.' Limestone has been found to favor the 
production of the disease provided it is already m the soil or has 
been introduced on the seed. The precaution should therefore be 
taken of applying the limestone following the potato crop, to 
allow the maximum time to elapse between the application and 
the seeding to potatoes.
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1n general, however, for ordinary farm crops the application 
ot the limestone anywhere in the rotation and at any season, pro­
vided the soil has been plowed previously, will prove quite satis­
factory. It might be mentioned here that this freedom in the 
matter of the time of application is another advantage for the 
use of limestone over burned lime or hydrated lime for the 
latter materials should be applied in the fall in order to avoid 
any injury to the crop which may occur if they are incorpor­
ated with the soil just previous to seeding.
THE METHOD OF APPLICATION.
The limestone may be uniformly distributed by the use of a 
regular lime spreader such as is now being made by the manu­
facturers of grain drills and may be secured through most of 
the dealers in agricultural implements. It is often applied by 
means of the manure spreader and this method proves very 
satisfactory if a layer of manure or soil is placed on the bottom 
of the spreader under the lime. Manure spreaders with cover 
attachments are now obtainable and are valuable for the spread­
ing of lime because they prevent the blowing of the materials 
which often occurs to an objectionable extent. It may be spread 
by hand with a shovel either from the wagon or from piles of 
the limestone placed at equal intervals over the field but this 
is a tedious and unsatisfactory method. The lime spreaders are 
rather expensive and the most common method of application 
is therefore by the manure spreader with a layer of manure on 
the bottom. The material should then be thoroughly disced or 
harrowed in before seeding and any acidity in the soil is rem­
edied before opportunity is afforded for injury occurring to 
the crop.
WHERE LIMESTONE M AY BE OBTAINED IN IOWA.
There are several firms in Iowa which are prepared to furnish 
limestone for agricultural purposes and among them, the follow­
ing in respofise to letters of inquiry have signified their inten­
tion of filling orders for limestone screenings and have quoted 
their prices. There may be some concerns whose names do not 
appear in this list and this may be due to the fact that we are 
not aware that they are prepared to meet orders for limestone 
or to their neglect in answering our letters of inquiry. Some 
of the firms listed in Circular No. 2 of the Iowa Agricultural 
Experiment Station are omitted here for the latter reason, and 
additional names are added at the request of the companies. The 
prices quoted are somewhat different from those given in the 
circular mentioned and have been altered by the concerns for 
various reasons.
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Bartlett & McFarlane, Waterloo, Iowa, offer material from dust to 
the size of a pea, at $1.00 per ton F. O. B. cars their quarry.
Bettendorf Stone Co., Davenport, Iowa, will furnish material 65 % 
fine particles, and 35% from diameter and smaller particles down 
to dust at 75c per ton in large quantities or 90c per net ton in small 
quantities, F. O. B. their quarry which is located at Bettendorf.
Burlington Quarry Co., Keokuk, Iowa, offer screenings at a cost of 
50c per ton in carload lots, F. O. B. Montrose, Iowa.
Charles Chilton, Ottumwa, Iowa, will furnish material at 75c per ton.
H. Dearborn’s Sons, Stone City, Iowa, offer screenings composed of 
50% dust and from this to m| maximum size, at 25c per ton in car­
load lots, F. O. H. their quarry.
Dolese Bros. Co,, 10 South LaSalle St., Chicago, 111., with quarries 
at Buffalo, Iowa, offer a high grade limestone in a fine state of division 
for sale in carload or smaller lots. Prices quoted upon application.
Ellsworth Stone Co., Iowa Falls, Iowa, sell limestone screenings 
consisting of 60% dust at 20c per ton in carload lots, F. O. B. their
quarry. , . , . . .  »
F. Ericksen Co., Stone City, Iowa, furnish a material consisting ot 
screenings, a mixture of particles from % " down to a small portion of 
stone dust, for 25c per ton in carload lots, F. O. B. their quarry.
The Fort Dodge Portland Cement Corporation, Gilmore City, Iowa, 
offer limestone screenings in carload lots from thirty to fifty tons, at 
50c per ton, F. O. B. their quarry. ' . I
J A Green & Sons, Stone City, Iowa, will furnish screenings passed 
through a % " sieve, the particles of stone being from one-quarter of
an inch down to dust, at 50c per ton in carload lots, F. O. B. their
quarry. ■  . ,
The Linwood Quarries Co., Davenport, Iowa, offer screenings passed 
through a sieve, at 35c per ton, F. O. B. their quarry at Linwood,
McManus & Tucker, Keokuk, Iowa, will furnish a material containing 
60-65% dust at a cost of 50c per ton, F. O. B. their quarry.
The Peru Stone & Cement Co., East Peru, Iowa, offer screenings 
at 20c per cu. yd., F. O. B. their quarry in carload lots, and at 20c 
per cwt. in less than carload lots. -n
B. N. Arquitt & Sons, Farley, Iowa, will supply a material at 80c
per ton. . . , . .
John Boland, Bettendorf, Iowa, will furnish limestone at $1.15 per
ton, F. O. B. their quarry.
A COMPARISON OF METHODS OF TESTING FOR SOIL
ACIDITY.
Many comparative tests of the reaction of soils have been made by 
the use of the Veitch method and the litmus paper method which have 
been described in previous pages and the results of some of these are 
given in the following, tables. .
Table XIII gives the results of comparative tests of fifteen soils m 
three of the large soil areas in the state. These soils were all acid by 
the Veitch test and the limestone requirement ranged from one to five 
tons per acre. It will he noted that the results obtained by this method 
agreed quite satisfactorily with the results of the litmus paper tests, 
all of the soils with one exception being described as acid, slightly 
acid,” or “neutral or slightly acid.” One soil was described as neutral 
or slightly basic while the Veitch test showed it to be quite acid. The 
results as a whole however, indicate that the litmus paper method
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TABLE XIII. COMPARISON OF METHODS OF TESTING FOR SOIL
ACIDITY.
om
Soil Type Blue Litmus Paper Test VeitchTest
67
73
77
121
132
80
84
SI
S3
96
43
46
50
63
58
Mississippi loess . . .  
Mississippi loess —  
Mississippi loess
Mississippi loess ___
Mississippi loess ___
Southern Iowa loess 
ISouthern Iowa loess 
Southern Iowa loess 
'Southern Iowa loess 
Southern Iowa loess
Iowan d r i f t ___
Iowan drift . . . _____
Iowan drift ______
Iowan drift -__ _____
Iowan drift ____ _
Acid —— —— ___
Neutral or slightly basic.
Acid — ___ ____
Neutral or slightly acid -
Acid - i - ___ ____ — ____jL
■ Neutral or slightly add ..
' Acid — — - ___ ——___
I Acid' — ______________
Neutral or slightly acid— 
Neutral or slightly a cid -
! Slightly acid _____ 3______
j Slightly acid .. .___________
Slightly acid __________
Very a c i d ___ ____________
Very acid _____ -__________
Acid
Acid
Acid
Acid
Acid
Acid
Acid
Acid
Acid
Acid
Acid
Acid
Acid
Acid
Acid
when carried out by one experienced in its use, may be quite as accurate 
as the Veitch method in testing soils for acidity.
Further comparative results by the two methods are given in table 
XIV. It will be seen here that under the Veitch test many samples 
were described as “acid or neutral.” It is not possible to determine by 
the preliminary Veitch test whether a soil is just neutral or distinctly 
acid. The entire method must be carried out and the lime requirement 
of the soil ascertained to determine this point. The preliminary 
Veitch test merely shows whether a soil is “basic” or “acid or 
neutral.” The “limestone required” by the soils examined here was 
not determined and hence the results appear under the description 
“acid or neutral.”
Examining this table it will be found that there is agreement in 
every case between the blue litmus paper test and the Veitch test. 
The soils examined were from various sources comprising samples col­
lected in the field for special work and those submitted for examina­
tion by individuals from different parts of the state and all the soil 
areas of the state are well represented. It is evident again from 
these results that the litmus paper test may yield quite as accurate 
results in the hands of an experienced manipulator as the laboratory 
method.
The tdsts made thus far were all of surface soils and it was felt 
that some samples of subsurface soils and subsoils should be tested 
by the same methods because of the large differences in the character 
of the lower soil layers which are often apparent. It seemed possible 
that with samples taken below the surface the agreement between the 
results of tests by the two methods might not be so clear, that other 
factors might interfere with accurate reading of the tests.
Neutral litmus paper was used in these tests and as has been noted 
it proves quite satisfactory when its use is understood. In table XV  
the results of tests of fourteen different soils from the various areas 
appear, three samples of each soil being secured at the three depths, 
0-6", 6"-20", and 20"-36".
With one exception the surface samples showed the same reaction 
by the two methods but differences appeared in four cases when the 
samples from the lower soil layers were examined. Soil No. 1 gave 
a basic test with the neutral litmus paper both in the subsurface and
K lp f
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TABLE XIV. COMPARISON OF METHODS OF TESTING FOR SOIL
ACIDITY.
Soil
No.
Blue Litmus Paper Test Veitch Test
Basie
Basic
Basie
BasicBasic ———-----— — Basic
Basic2d Basic
Basie
Acid or Neutral
Basic
Basic
Basic
Acid or Neutral
Acid or Neutral
Acid or Neutral
Acid or Neutral
Basie — BasicAcid or Neutral
Acid or Neutral
Basie
Basic
Basie — BasicAcid or NeutralAcia -------- --- Basic
H i  -------gg Acid or Neutral
a *rj ----- ~7 , Acid or Neutral
Acid or Neutral
3 Acid or Neutral
TABLE XV. COMPARISON OF METHODS OF TESTING FOR SOIL
ACIDITY.
Soil N o. DepthSampled
Neutral Litmus Paper Test Veitch Test
1 N eu tra l-------- --------------------- Acid or Neutral
1 6 to 20 in. Basic ________________________ Acid or Neutral
1 _ _____________ 20 to  36 in. Basic ------------------------- Acid or Neutral
2 _____ ________ _____ 0 to  6 In. Basic 1---------------------- Basic
2 - ____  —  g p  n 6 to  20 in. Basic -------------------— — ------- - Basic
9 20 to  30 in. Basic -------- ---------------------------- Basic
3 ______ .... _ —— --- 0 to  6 in. N eu tra l----- -------B--------— Neutral
3 ______ _______  ___ 6 to  20 in. N eu tra l----------- — --------- ------- Basic
3 ____ . . . . ________ —  • 20 to 30 in. Slightly B a s ic -------------------- — Basic
4 Basic
5 ______ _ . . . . . .  .. . 0 to  6 in. Basic ------------------------— ------ ! Slightly Basic
5 ____________________ 6 to 20 in. Slightly B a s ic -------- --------------- Basic
20 to  30 in. 
0 to  6 in.
Basie
Slightly Basic .  . . . — -------- Acid or Neutral
Slightly Basic ——  ----------- Slightly Basic
6 20 to  36 in. Neutral ---------------------------------- BasicBasic
8 _______________ 0 to  20 in. B asic----------- —9 BasicBasic
10 .  ♦___ 0 to 6 in. Basic ----------------------------- Basic
10 . . . . _______  ____ 6 to  20 in. Basic -------H -------------- —--------- Basie
10 Basie - ----------:-------------- - - - - Basic
11 Acid --------- 1------------ --------- — Acid or Neutral
h  . . . .  __ y ____  .
u  - _________________
12
6 to  20 in. 
20 to  36 in.
Neutral ----------------- Acid or Neutral
Acid or Neutral............... .......... 1 Acid or Neutral
12 6 to 20 in. Neutral ---------------------------------- ! Acid or Neutral
12 20 to 36 in. Neutral ---------------------------------- 1 Acid or Neutra]
13 ___  ________  .  . 0 to  6 in. Basic — — — ------------- ---------- 1 Basic
13 _____ . . .  ______ ____ 6 to  20 in. Basic -------- !--------------— ~ Basic
13 __________ 20 to 30 in. Basic ------------------------------------- ! Basic
14 __________  ____ 0 to 0 in. Basic -------- s----------------------- E— Basic
14 ______  ________ 6 to 20 in. Basic — -------------------------- ------ 1 Basic
14 .  .  . 20 to  38 In. Basic ------------------------------------- Basic
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the subsoil samples while the Veitch test showed both of them acid 
or neutral. The subsurface sample of Soil No. 3 was neutral to the 
litmus paper while the Veitch test showed it basic and the subsoil 
sample of Soil No. 6 showed a similar difference by the two methods.
As a whole however, the agreement between the two methods was 
Quite satisfactory and in the few instances where discrepancies were 
noted some extraneous factor perhaps as yet undiscovered may have 
influenced the results.
Considering the results in their entirety, it is evident that as a 
general rule the litmus paper test in the hands of one accustomed to it 
may prove quite as satisfactory as the laboratory method which is 
supposed to be much more accurate.
This is undoubtedly true for surface samples but the possibility of 
samples from lower soil depths possessing some characteristics which 
interfere with the test is presented.
Of course the Veitch method, if carried out completely, does show 
the exact lime requirement of the soils but the preliminary Veitch 
test does no more than the litmus paper— it merely shows whether 
a soil is basic or acid in reaction.
There is no doubt but that the litmus paper test, if properly carried 
out will show whether a soil is strongly acid or strongly basic in re­
action and when the results are difficult to read, the change in color 
not being definite, it is evident that the soils are either only slightly 
acid or very slightly basic.
Several modifications of the litmus paper method have been tried 
but with little success and the use of a litmus solution has been 
tested but the results are too variable to be of much value.
The results of these comparisons of the Veitch method and the 
litpjus paper method for testing for soil acidity lead to the conclusions 
that the former is quite satisfactory for a laboratory method and the 
latter is the best method available for use in the field. It is shown 
also that the two methods give usually the same results.
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